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PREFATORY NOTE' 


^ .Miuunil-tr.'iiiiinii; ti'iiflicrs wljd ImII slioi't (>( lull miccc’ss, fliil, us u riil(‘, imt tliroufi'li wiiiif 
of knowloiluc, luit thioui;li iiiuhility to iuipuit tlicir knou|uilj;i> uiul to ciiltivuto llio powci' 
of olisorvuliim in tlioir si-lioluis. 

('iifoitmiiitoly iniinnul iiislnictioii is to(^ ofti'ii looked ii|)on us soinetliiiitt u])uit li-oni the 
work ot tile 1‘lussrooin, und it is iiryed thut it Iius little or no eorrelulion with the elussi'ooiu 
suhjeels. 

In this liook un endeuv<iur hits lieeii iiiude to ;;uide those who would he suceessful 
teuelnii’s of the snhjeet in the method of |»roee(liire; while the |)ritiei|ile of eorrelulion is 
fttrefttily set forth. 

I he opetiin^ ehu|iL(M‘s will ussist teueliers who uri^ eulled tipon to ei\'i.* ud\'iee eotu'erninit 
the pro\ ision und eipiipnient of elussrooins in wliieli to teaeli the snhjeet. 




CONTENTS 


PAiri' j 

.SCIENTIFIC |•IiI^■CII'l,l•:.S 


I’llAK • PhKC 

I. rNTHODHTliiN.;J 

II. ..... . . S 

III. ('l.4'iS MaNAUKUKST ’JO 

IV. iMiWM.S'ii InhTKI'MKNTS ash THtIK I'sK 2<5 

I’HISOIPJ-Ks (IF rKOjKt'rioN..{.J 

VI (tRdWTH OF ThKKH .r.l 

VH. 'I'hk Tk.\nh\'kh.sf .Skction of a TittK • • • /)7 

VIII. Seasonim; Tjmhkk .r>9 

IX. SUHINKAdK OF TiMHKK. <52 

X. CuFiSin^AL Strutikk ok Woori . . . - C6 

SciKNcK IS Ma.m vl Thaivini; • • • • 71 

XII. (iKOORAl’HV OF M, Tlt.VISIV(. lOf* 

XIII. Mktaus isKD rv J'oSNKi'riov WITH .Mam Ai. 

TkaININO ... • • • - 122 

XIV. I^BSMON ON (fU# • • ,132 

XV. LesboN’^ on Schkwm \ni> mikir I’mem - . • 1.3.'. 


pMite 

II. WAKitS ANh <iMUIVJ - • ... H7 

m. Saw.s.K .0 

IN'. Pmsfs ami I'lamm;.173 

\'. Notks ok a Lemson on iHK Firmer • 11*0 

\'l. Cmihu.i.ino I’u(.('ex«.en.201 

N'll. lloRisi. Tooeh - • • - .214 

VIII Hammers anh .Mai.i.kts ..... ‘J21 
IX. Mi.SCFI I ANEol s Tool.s .... 22fi 

X. -N Lessi.N on the HRINJ.MToVE am* (iRI.MiINU • 2.31 

XI. III.ACKHOARI) X<*TKS ON VaRKHH T<*0I.H • • 233 


I'ART HI 

I'KACl'ICAI- WORK 

ISTHoI>lNTI'*N.239 

ConisK I 

KXER. 


i’AllT II . _ ' 

*. •l>liACTl(;AE I’lilNCIlM.ES 

•* * 

•rNTBonufTloN • •* I 12 

i.\f SglARKS ANI» TMFIR I’sEs’ . • I J.3 


1. 

Mahkini; oi t, S.waino. ani> 

Chinki.ijn<; 


- 248 

II 

I'l.AMNi. 




• 240 

III. 

KkV ok Li’OOAOK I.ARftiA 

.* 



. 249 

IV. 

.N KEMiOAHli ' • • - 




- 2&1 

V. 

.\ K(H NH Kl I.KR • 




■ 1'14 

Nl. 

\N KoONTAM* • * 




. 200 

Nil 

N IIm'Ianoli.ar Box 




• 203 













virl, COXTKXJ’S 


hXKIt 




Pune 

»;\h: 





VMI. 

.\ Soap IlnX • • 




• \l 


-Mihkoh Khame .... 


.S(iy 

*I\. 

V 'I’oiiKr I’ox 



• -270 

Xll. 

A 

WoohKV Sl*oos . . . * - 


- ;l?J 

• \. 

V H AI.K I.A|-|-k.l> .lolN'T ■ 



. 271 






\l. 

V StkINO WlXfiKK 



- ‘^7t^ 



CiiI KSK ifl 

• 


• 

Ml. 

.\ W.AI.I, HKAt-KKI - • -* • 



. 27!' 

1. 

A 

.SjMl't.K |)o\ KTAJI.hli .lolN^’ 


. .31.'i 






II. 


II.M- K.\U.. 


-* :ili* 






111. 

.V 

CoMStriV IIo\ |)o\ KTAILtti .lol.vr 


321 


(joi'itsK n 




IV. 


Nmi, llox . . - - 


:i2f. 

1. 

V MoirrrHK-AMi-TKxoN .l«»i.vr 



• 282 

V. 

,\ 

I’Hoh* .Stash . 


320 

11. 

S LicrrifH Ua< k .... 



• 2S'> 

VI. 

.\ 

IIiM»K Kkst .... 


- * ;12S 

MI. 

.\ 'I’oWKl, Roi.I.KK • 



• 287 

vn. 

\ 

(!imh.k Ho\ .... 


• :j:u) 

IV. 

.\ SiMIM.K InKATVSI* 



• 285' 

VIII. 

\N InKs'IAMi 


333 

V. 

\ ll4M»KMMKt.l’' .... 



• 2!' 1 

i.\. 

.\ 

I’aMTK ISoAHII 


. 337 

VI. 

.\n I,.\mi'miani> • 



■ 2!»7 


A 

Kmkk ilox 


• 330 

VII. 

.\ HhKAO ho\KI> 



. 3(J0 

XI. 

.\ 

Kol.i.iNi; Tin 


- 341 

VIII. 

.\n (Kpohh I'h'I'I mk Kkamk • 



■ 302 

XII. 

,\ 

Hashkehchikk AM> Coi.l.AK llo.x 


. 343 

IX. 

A CoHXKII HHA< Kk.T 



• 301 

xin. 

A 

Stationeky ('\»iN>ri • 


• 34.^ 

X. 

A K'KJ'I’HTOOI. • .... 



• 30.8 

XIV. 

A 

Meiho.sk (.'auinet 


347 












GENERAL INTRODUCTION 


By F. HANDEL TIK »M!’«(>N, B.A.. Inspoctov of ScIkm.Is, 

.li)liiiiin('sliui<; 1111(1 Hmid 

Pir .Idsliiiii I'itcli (iiicc wiotc: ''Diiiwiii", ir|)i'c.seiitiiti(iii, ((iiiNti’iKdion, mid di'coiativr wiirk 
nrr (‘diiciitioiiid processes iis real as reading and writing; they touch as nearly the springs of 
all that is liest in hiiiiian eharaeter. 'I'hey may have results as valnahle and as f'ar-reaehing.” 

'I'liis, I maintain, is the attitude that every zealous ediieationist should take up on tliis 
iinportanl ipiestion of manual training. 'I'lie days are past when we would urge the iiitro- 
diletion of this snhjeet into the .seliool eiirrieiilntii in an apologetic sort of way, and when 
the niefesl pretence at [iraetiial teaching had to he accepted as “a steji in the right direetion 
' By means of a distinct and definite course of manual work we find ourselves aide to train 
and develop certain special talents and a|ititudes for which no other snlijeet of the ordinary 
school course a<Je(]natel\ ])rovides. We are enahled to supply a course of exercises which 
will provide food for thought, and, while^ interesting the child in its actual occupation, affords 
a valtialdc course of ^,|•aining in accuravyv earefiilness, and in ordinary se([ucnce. Moreover, 
the bench provides ’for the child, .who is iiot passionately fond of l)Q()ks laid of reading, just 
tliflj inceiPtive which is necessary to •bring out all that is hest^ noblest, and most worthy of 
culiiyirrion, and ubieli goes t" form „lrlie eharaeter. 
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mil vv(^ iiiUMt lie on'urly iiiiil nH'llmdicul iit our teaching j»laii. Wo must cndoavoiir to ‘ 
o.oiTolato as far as possiUlo tlioso ditforciit liranchcs of learning \vlii<-h appear as different phases 
of tile manual instruetor’s Uisk. It is for this reason that i weleome tlie tippearanee of Mr. 
■Milton’s hook, ii is written hy a man of vast e.xpcrieiiee in this partieular hraneh of cduea^- 
tional work. It has stood the lest of many year.s’ e.xperieiiee both in the .sehools of London 
and of .lohaniiesliurg. 

1 have tlie greatest eonlideiiee in reeomnnmding this manual to all tho.se who arc,really 
interested in the thorough and .seientifie teaching of this subject to our hoys. 

By W. UKITIl .MAt.'tiHKQOU, M.A., LC.P., Principal of the 
I'raining College, Johantie.sbitrg 

In these days of kaleidoscopic eliangi' in the educational outlook, differences of opinion 
regarding the relative values of subjects propo.sed for study are inevitable, and not infreijuently 
these dilferences are e.xpres.sed with an amount of warmth wliiih, however embarrassing on 
oeeasion, must without doubt bring joy to the heart of the educational enthusiast; for t^iis 
warmth is the outcome of genuine interest, and in scholastic matters, as jn all others, the 
warm enthusiast, even as an opponent, is always preferable to a deadweight of chilling 

inditVereiiee, ‘ < 

« 

Probably Manual 'I’raining (\\Oodwork), more than any other .subject, ha.s given rise to 
divergence of opinion, and one is not by anv nieaifs prepared to .say tliat the war is now' at 
an end. or that thi?i sulijeet has yet eomc to its own. , Opposition to Woorlwork as a .school 
subject is disiMivered in ponying degrees, from the mild protest of the indifferent te&eher, v.’lio 
grumbles at “the waste of time ”, to the open hostility, of the candid'and well-nfta/ilng 
enthusiast, who* "sees nothing in it”. ■ ' 
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, It is possil)]« flint this opposition, wherevet met, or in wlmtevcr form expressed, is duo 
to an erroneous, lieeiiuse too narrow, eoneeption of what edueution really is. Jt has been urged 
thak Woodwork is a failure hecause so inneh of the work done aeeording to .selienie is iiKelftix —- 
llte boys are not making things I/kiI coa he directly used', or otherwi.se, that tliey are making 
things thill cilHiwf he directly iixed- all of which, of cour.se, .sounils very well, and is very 
fallacious. Does the average hov or girl ever directly use, in after life, much of the arithmetic 
that he* or she striigglccl through in .school? or the composition in the classic form of “ e.ssay ”, 
or geometry, or the many other things that might be mentioned? Of eour.se. not. But how 
•.seldom is their [uesence in the timetable even (jue.stioned. 'I'hcy bear tlie stamp of antiijuity; 
they arc the peers of our ('(lucational sy.stem, with a long lineage e.xtending into the historic 
[last; and, whether useful or uscle.ss, their pre.scnce is looked on as natural and necessary by 
the verv teachers who olijeit to Woodwork as "a waste of timi' ”. 

If, howcvi'i', we take a larger view of education, e.g. that it aims at developing the power 
of thrmnnf and e.eyres.sinif itleas, then Woodwtn’k at once a.s.snme.s its propin* place as one of 
our most j’.duable instruments. It is now an educational commonplace that ideas can be 
expressed by colour as well as by the regulation com[>o.sition ”. Hnl they can also be 
e,xpros.scd in cloth-.-which is only beginning to b<' rccogni/.ed in our higher .sewing cla.s.ses- 
in plaster, in pa|)cr, pulp, Ac. \\ h\' not also in wood? If the ANoodwoik exercise compel 
a pu|hl to think- Iinil subsi-quently e.r/ire.-m hix Ihonyhlx (through the medium of W'ood), then 
it can justify its claim to recognition as an I'ducalioiml force; and any unbia.scd person who 
has narrow'ly watched il chuss performing wixslwork operations must aillnij. that Isith these 
activities are constantly called into’phjy, and thus a child undergoing^a .scientifically arranged 
cour.st it* Woodwork stands as good it thanc.c of being cdueiited as dties one whose lime*is 
eonlinfi^ .sojely to the so-ci ^llej •scholaSlic subjects. 

, ‘The present volume on Woixlwoik Is ^n jittem|)t to secure the logical arrangement referred 
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to al)ove. It 1ms licpii written in the, true oiluciitiotml spirit, its principleii have been proved 
in ae.lnal practice, and of the value of the results tliere can bo no donl)t. If the book be 
used as Mr. Milton intends it sliould be — more as snf;ge.stions for tbe •cnthiisiu.st than as a 
east-iron ride of [iroeedure for the casual instructor—it .should prove hivaluaidc. Wkho«t 
enthusiasm the Is'st textlnjok in the world must fail, and this one- -even though its methoils 
have l)cen tried and proved a great success in sch(«)l and training-college work—could hope 
for no better fate. Hut, given eiithusiasni and .sound comm<ai scn.se on the part of the teacher, 
the following pages must prove a perfect mine of information and inspiration. 




Part I 


SCIENIIFIC: PRINCIPI-ES OF 
EDUCATIONAL WOODWORK 




CIIAITER I 
Introduction 

Education. —Many oniinont writers have souglit to detino the term 
“education”, and whilst they differ as to the ultimate nieaning of the 
term, and the method by whieh its aim shall be accomplished, all are agreed 
J-hat it is ail instniinent destined to develop to the full extent the faculties 
of man, ami thus enable him successfully to carry out his duties in this 
world in whatever sphere they may lie. To this end it is essential Dial 
all the faeiillies which lie undeveloped in the “embryo" man must receive 
(he careful attention of the eilueator, in order that they may lie quickened 
and guided into right channels, that correct habits may Ixi formed—habits 
of thought and action which shall make the individual a .social blessing 
rather than an object of pity or a “.social curst-”. 

Earlv’ !irA(iE.s.—During the first years of the chilli’s life it receives its 
eduoation from the mother, whom nature has specially endowed with those 
'educative isnvers whieh, properly applied, quicken and develop the child’s 
(esthetic and other faculties. 'Phis early training at the “mother’s knee” 
is all-important, and as time proceeds other educators assist in its further 
development. ' • 

The School Aoe. —When the child first enters school we find it in full 
possession of its embryo .sanse.s. It can .see, Ilear, touch, taste, smell; it lias 
power to think and tafk and act, yet,how undeveloped do we find these 
senaas. Nov^ it is these senses which the deacher has to develop, and such 
develSpmant* must proceed by definite la^s, if all arc to la; siiccessfftlly 
devefopi?!! to the full*extent. Hthc is Qiia'to be aceimijilielied! 

Bobvf JfiNIi, ANIi Brain.-^TIic child possesses a la»dy, the organs of 
whifil^ in a healthy chili^ are all ]K-rfectl^. formed and capable of develop¬ 
ment. Alhuiay be unif«>fnil^ developed oi»one may be specially develojisd at 
the expense of another, .'^vidy uniform developuipnt of all the organa*must 
be one ot the aims of the teacher. 
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We know tliat the cliih! poMscHsen a brain am! nervous Hysteni. It is 
through tl»e ajjency of thw nervous system and the sense's that the chile! 
gains its kiu)w!e(!gc of the material universe. The mind is that indescrih- 
able wmietliing wliioh enables the being to control its variou.s actions: by its* 
agency we think; under its dictates we <vct. It must not confoundo4! with 
tin* brain, tlnmgh the two are in somo way insejmrably connected. Kow 
inuMirtant, tln*n, laronns the iluty of the b'acher if the mind is to Iv so 
developed that correct habits of thought am! action shall folhnv kiumledge 
actpiired by tin* st'iises. 

Mkntai., Mokai., ani> FlIvsKiAIi Facultiks. ~ The faculties possessed by 
the. child are undeveloped, am! it is the business of the Uiacher to aid in 
their development, because the prwess of developim-nt cannot be arrested, 
and if left unaided thest* faculties may dtivelop into wrong channels, or 
sueh ^le.velopment may 1 m* sluggish and feeble. The possibilities ol these 
faeiilties vary In each iinlividiial. All are capable of ilevelopment, but in 
some individnals one <ir other of the faculties is callable of much greater 
development than others. Again, the faculties in various individuals are 
not always <piickened by the .same .stimuli. The teacher must In.*- careful, 
lln*ii, to MO vary (he stimuli that the individuality of each chihl under his 
care shall rcceiv«^ that particular cjuickening influence which .shall awaken 
tin* child to a .sense of his very being; careful to note the efl'ect of such 
ijuiekening and folh)w up the path thus diseovere<!. "Kvery child's mind 
is a casket of gems; all that is wanting is the key.” It is tin* <!utfr of 
ev4*ry leH<*h».‘r to endeavour to find this key. Wln*re oin? t<*Rcher fails to 
lind that key anoth(*r may succeed. Where one school pnicess fails to 
afl*or<! the clue another may yieh! the essentia) re<piireiiients. '{'he hKk 
to this cAsket may 1 .m' “many levere4!”, and when tin* Vight key is found 
all the levers are gracefully liftcsl togetlier eae)\ in due proportion. So 
may it be with (he eliihl. Find tin* rigid key and y4)U have a natural 
and pro|K>rtioiml development of the faculties with which the individual is 
endowe<l. , 

lHK Karly Sy.stkm.~ There is little doubt btit that early systetiis of 
education were knowingly or miknowingly liasod on the assumpCi^vF that 
the child Invl a iniml and brain, and that it'WA.s the duty of the*e<lucator 
t9 pack the.se with "information”. No thought appears,to have lx*en ^iven 
to tlje physical faculties poMH*\Hse<i by the child, and little or ii<v attention 
paid b> training the chihlren to ac<ptire knowjedfee as the outcome of their 
•experience hy contact with the itvaterial world. 
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Dater Systems.— We now find that tlie child is ticatisl in its entirety 
—body, mind, and soul—and the systeni of educfition is variisl to meet the 
jieeds of, and provide for the full <levelopnient of each, and this in no 
nay-ow .strnse. Instead of the ehihl beiiiK " tohl ” all that it is desiied the 
child should know, it is le<l hy natural methods U> “iliscover” most facts 
for itself. In addition to the more purely “ memory ” (ixcieises of the jatst, 
will* be found the inclusion of practicid subjects—subjects that call for 
physical exeition in or'ler to oviTcome ditticulties, the mastering; of which, 
under the j{ui<lance of skilful teachers, enables the ehihl to oljser\e l•el■tuin 
facts sikI ileduce certain laws, the kiiowle<lj;e of which carries the scholar 
forwaixl and enables him to approat-h new an<l more difticult problems with 
the conviction strong within him: “I will master it". Prolsibly this is Is-st 
.sumnie<l up in the following words: "If a man make known to me .some 
,fact that has come under his oliservatioii, he is giving me information; if 
he make plain to me some pro|s)sition ui science or art, he is giving me 
instruction; but if he employ the latter skilfully for the purposi' of cxei-cising 
my own faculties, then he is educating me”. It is the duty of the teacher 
not merely to impart information and to instruct, but tocf/acote. “A child’s 
etiucation must not Is' estimated as you do an apple tiee, by what you can 
count, but rather as you do an luik, whose duration for hundreds of j eais, 
and fitness ibr valuable uses, are due to its slow, continmms, but almost 
im|)erceptll>k' growth. ’ 

Manual Training'.- All sy.stems of education now include manual training 
•in some foi-m or other, but, unfortunately, it bos come to lx‘ looked u]>ou 
as something apart and ilistinct from the .sr'hool work of the ehihl, Hy 
many it is still l(s)ked upon as a pleasiint form of recreation which may 
be entereil upon or rejected at the will of the individual child, or which 
may be intro<luced or withheld from tin* curriculum of a school by the 
caprice of those in autherity. Kortunately ‘for the child the jmsition is 
rapidly changing, and those who b>-d^* act aA lea<lei’s in the educational 
woaid are c<jpvinced that manual training.fs an essential factor in the edu- 
caliofi of.a child. . , ' 

1Ti**ancy ok Ma.nA'ai. TKAlNitAi.—^^(^n«tll training is not a “new thing”. 
T’he iiaiSe may be new, but the proetice i|ates bock to.the origin of man. 
By*i^ aid maa ha« at t^l times, and in all cKmcN, ocquirtsl his real know¬ 
ledge of the universe; itS aid have*our*great inventors made the valuable 
discoveries which enable Us to live in ease and (omfort to-day; by ^ts aid 
were tlte uiaterial facts acquire*! wliich* enabled the various‘natural law^ 
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to l)e defined. Only think ot man’e jHAsition to-day and compare it with 
Ins ^KiHition in the Stono*Age. To-day we have our eteam engines, ships, 
telegraph, telephone, bridges, tunnels, &c. By what agency other than 
manual trainint; were they acquired? Now this eprly form of mapual 
training was not practised in our schools; it was h'ft to the ta.ste of the 
individual to engage upon, or neglect it, at will, with* the consc(]Uence that 
only the genius came t« the front and 3too<l out as a monument among his 
fellow men. ‘ ' 

iNTKowrcTloN i.NTo THK St'iKKius.—When it was found necessary to 
iiwslify the prevailing system of education, which, as we have seen, consisted 
solely of imi>arting Information, the necessity for exjKuiment l)t«*ame evident. 
What was to l)e done? What form should the change Uike? Viuctical 
work of some kind had to be introduced. By what name should it be 
known ? The practical work intixsluccd took many forms, among the most, 
iin[>urtant of which was working in paper, cardlxMird, leather, clay, wood, 
and metal. These forms exist to-day, and they fall under the general title 
“Manual Training”. In the upper elaases working in wo<sl was foun<l 
in most instances to l)e that form which l)e.st lent itself to the desirwi 
end, but working in wood could in those early <lays be associated with 
nothing but “Carpentry”; and in the early days, b*! it understood, the i<leii 
was not the acquirement of knowiedge through the agency of doing, its 
main aim was to develop “ Handicraft ”. The pioneers of such a movement 
ba(i perforce to adopt those methods common to carpentry, and the trahung 
certaitdy savoured of a “ workshop training"; but such js not the case to-day. 
The work is no longer carpentry in its restricted sense, i.c, that of producing 
articles of wood, but it is practical education, forming an integral part of the 
school system, and having foi its chief object the full and thorough develop¬ 
ment of the child's focultiea Manual training, like other subjects forming 
part of the system, ntay, and Often docs, provide the, key whereby the casket 
of gems is opened. How Often is,it the case that a boy who is totaily 
apathetic to all purely mental studies has his interests and desires (piickened 
up<*i entering the manual-training classroom! What scope, too, is, afforded 
for the application and testing df natural|laws’ ManvVal training is Wienee 
in the truest sense of the woisl. Almost iinpereeptibly changes have, been 
taking place in the methods bpplied to this subjcQt. Iteis iTii longer a base 
of “ IVhat has the child done? ” bui " What has the wrk done for the child?” 
And ifho can measure thia? The bright eye, the ready wit, the skilful hand, 
•the thought'directed action, the httelligent application of natural'laws to 
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aoconipliHli a given eniJ, are tlie iiianiml-trainiiig teacher'a reward for hia 
efforta. Wliat needs lie iiiorei * 

, Educational Advantag'CS. —lelucation ailvanoes by known laws, and it 
is Uie application of Uiese laws which must Is* the aim of the manual-training 
teacher. The child enters the maniial-trainiiig r<Him keenly alive to the 
jKjHsihilitics, and usulllly fully confident that “he cun do it”. He soon finds 
thaf he can do it, but that it is done badly. Why is this? Is it the child’s 
fffultf No. Whose fault is it? It is not a fault at all; it is merely that 
certain faculties are us yet not fully develojied, and it is the iluty of the 
manual-training teacher to carry on this developing work. In the lower 
standai'j^s the child has been taught to work intelligently with softer material, 
as clay, paper, and cardboard; now’ he is face to face with a haisier form of 
matter^ new or advanced laws have now to he applieil, fresh Usds handled 
.which reciuire the e.vereise of greater skill in their manipulation. Does the 
child po.sseaa this skill? If not, how can it manijmlate these tools success¬ 
fully? Now skilful inanipulution implies perfect control over the particular 
mu.scl(!B operating the given instrument. The actions involved are com¬ 
plicated; isjing new, there is nothing automatic or reflex in such actions. 
Here it is that the teacher shows his .skill. Step by step he leads his scholars 
to see, think, and reason before deciding upon any given action. Step by step 
he leads his .seholai-s to attempt successfully any given line of action. Step 
by step the^holai's are led to ac(juire that confidence and self-reliance which 
aloilh makes man the master of matter. Call the work what you will. Call 
* the things ma<ie cxcyciscs or models. Call them joints or rubbish, they are 
but means to an end. They ilo but contain the steps whereby the pinnacle 
is reached. These stejw must he easy that all may asecnil. There must be 
sufficient to enable the cajaihle to continue climbing, ever nearing the pinnacle, 
which for each individual is only reached when he is ca|)able of using all 
his faculties to the fuyest and Is'st. Yitu cUnnot tian8|M>rt the individual; 
he must start from the hose, he must make^ an I’fl'ort, and the effort must be 
sustained, itach step in the ascent must^ demand just so much efl'ort and , 
exei^i^ os' the individual is capable of |MiUing forth. You may by your 
teachffi^ pojvcrs aid fiim in his clijtib, ossistfliim over his difficulties, encourage 
him,to "Continued effort, and lead him to success, but retnember he must do 
the dimbing. ‘If ^ju an* careless in yoiii; teacliinjl; and make the child’s t««tk , 
too diffic^t by endeavfnijjjng to niakS hihi take two steps at once, you may 
thus discourage and retard his progress, • 

Whfct does this making of “thinj;s”*hi wood or other substance mean td 
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the chikl? We have only to look within for tlie aiiMwer, which cannot be 
expreHseil in woimIm. WhoMias not experienced that feeling of delight at the 
tliought that Home ilifficuit piece of work, demamling all the effoi't' of which 
you were ca{>al))e, mental and phynical, haH at laMt Ijern .succeMsfully ac<y:)m- 
plinhwl! With what pride do we vii^w nuch workl What then must l)e the 
child’H feelings when it sees l)efore it a “complete thirtg” and can truly say 
'1 made it' ! “it is the outcome of my own eHort.” “Teacher guided me, 
but alone I ditl it.” Is not this tln^ true germ of manhood { Is not ihan&al 
training capable of assisting in the development of this geriiW 

Who shall bo the Teacher? —Much discussion has arisen on this point 
Naturall}', at the outset of this ex{H*riment, the teacher ha<l to bp a man 
possessing the necessary skill, 'rids was the carptmter. But is he a teacher/ 
He may nut have l)een, but is it impossible for him to l>ecx>me one? j[f it be 
the class teacher, do<‘H he p<^4sess the necessary skill? He may not, but is it 
impossible for him to aeijuire that skill? These are problems which each 
must solve for himself. The vital point is that all who teach must l)e 
teachers, and he who is interested in his subject will surely leave no stone 
unturned to attain his end. All must study child life. Practice aiul ex- 
j>erience will alone make perfect. Failures must l)e left to the mei*cy of the 
authorities that be. One thing is certain, we cannot afford to hinder the 
cliild by placing over him an inefficient teacher, l>e he trained or untrained. 


CHAPTKH II 

classrooms and Equipment 

Too often is it the case, when considerin,; the question of new schools 
that manual trainin); is overfot.ked, qr it is even thought by some that “ any¬ 
thing is good enough ", with the vesult that any old building—be it suitHble 
or itiisnitable, well or liadly ventilated and lighte<]—is considered SJ^^foj" the 
jiurpose. ** • 1 ' * 

The children have first to lx* considered, and if they are to spend a poytion 
oC, their lives in these ivMinis It becomes the first dlity of th# authorities' at 
alt costs, to see that these r<x>ins aliiird a healthy environment for the children. 
The ifork, calling for physical exertion and the discharge of effete matter 
'from the body, necessitates special •attention being paid to the ventilation of 



CI^SSHOOMS AND EQUIPMENT 


the room. No fixetl law need be made concerning the ahape and arran)(ement 
of a room, but the fullowino [joints need attention. 

Rooms. —When pomible it i.s advisable that the following rooms be 
psovided: - ■ 

(A.) E.N’TB.tNCE I.oitiiv.—Provided with hat and cloak p<*g8, wash basins 
(atoiit one to evcr^ live scholars) with water supply and waste. 

It is essential that the lobby be well lighted and ventilated. During wet 
leather the hats and coats are often very wet, and it is necessary that the 
vapours given oft' from such clothing should not enter the classrooms. The 
lobby should l)e large, to prevent ovcrcrowiling, and the entrance doom should 
swingyin both directions. 

(B.) Bench K<m)M.— The size of this room will deijend upon the number 
of bgnch places for which provision has to be made. (Twenty is the 
maximum for any one teacher; thirty if assisted by a junior teacher; forty 
provided two (jualifiLsl U!achem are pre.sent.) 

The shape of the room is Iswt determineil by allowing for the benches 
to form two rows down the roan, the IsJiiches having their ends directed 
towaisls the winilows to ensure g(ssl light to the workem. Assuming that 
the room is arranged in this manner, and that each bench is approximately 
5 ft. long and H ft. wide, the width of the iwnn will require to Ije 24 ft.; this 
will allow for a central [)as.sage ti ft. wide, ami passages at each si<le 4 ft. 
wide. TI(» length will Is- determined by the nuinlsn- of benches; the sijace 
lx!fween them should l)e d ft. (more it [sjssible); thus each lamch with its 
working space (S'Ctipies d ft. run of fttsu*. Working space must Is; allowed 
for the Ijack i-ow of bi-nches, also s[)ace for teacher’s desk, demonstration 
Ijencb, cupboards, &c. 

There should be a teaching space of at l?ast 10 ft. in fiont of the class. 
On this basis a bench r<X)m suitable for the accommodation of twenty scholam 
would be 42 ft. by 24 ft- * 

Windmm and Vcntihillon. —The. wiqdows should come as nearly as . 
pdligible opposite the ends of the l>encht9i, and have their sills a)x>ut 6 in.< 
hi^^tj^thah the tog pf the benches; the lower part of the windows sliould 
bave*donbJe-hung sashes wi^i guaitf bead at bottom to allow for the 
inlqt of air at the meeting rails during wet or cold weatlier (flg. 1). The top 
park should Be constructed that theptishes dpen on the louvre princtple . 
(fig. 2).* •*, • • 

Providerl good use can be made of the windows in this way there is little 
need tA consider any further provision f6f inlet of air; but shoifid these not be 
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fully avuilahli' for th« purpwe, then T<jl>iiin tnltex should be arranged at 
intervals arouiul the isxan; these have the arlvantage that in smoky or foggy 
weather the air ciin be tilteis'd before entering the rixun. 

Air outlets are essential. These should i)e 
on the mica-flap pi'ineiple, and plentifully 
arranged about !t in. from ‘ 

^ _ f 

the ceiling. Provided no 
rixims e.xist nlxive the elaas- 
room it is lietter to arrange 
for an " opim nsif ” with 
outlets in the ceiling, anil 
“ Boyle’s ” e.xtractors in the 
nxif above. It is essential 
that the children should be 
protected from drauglita 
These points carefully at¬ 
tended to will pi-eserve the 
children from headaches, 
faintness, or exhaustion by 
overheating in summer. Ki*. 8 

Blinds should be pixi- 
vided to all windows. Brown holland is the most suitable niKterial, for 
whilst shutting out excessive sunshine it dues but serve to sulslue the ii^lit 
Entrance doors should bo large and swing in both (lirection.s. 
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' Fi'BNtTiTRE; Wm'k Bmhhtg, aii(t Tool Rodfcs.—Many Vonrfs arc now in 
existed!^, each with its relative mefits.'and it is ^j/fiiiult to claim that any 
one form is perfect. .Special circumstances, too, must be considered. In 
cases where the classroom is devotM entirely to manual training' tifb open 
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dual bench with tool iwks placefl l)etwecii each [laii- of lieuches, as shown 
in 3, has many a(lvaiita;;es. 

Where the classroom may at limes la- used for purposes other than 
manual training, and jsjssibly by teaeheis not resp<msible for the tools and 
e(|uipment of the i-<x)ni, it Ijeciunes necessary to arrange for all tools to la¬ 
under lock and key*; this is often aceomplished by the provision of cupboards 
under the benches. T^he principal disadvantages of this system are:— 

(а) All tools are hidden from view anil not reiulily accessible to the scholar. 

(б) It is difficult for the tetu-her to exercise that supervision which is 
essential to eirsure that all tools are ke|)t in proper order. 

(c/Cupboards of this description usually harlaair dirt. 

(d) The doors swinging into the bench walk impede the free movements 
of thb scholar. 

Advantages of tlie Central-vai'k Hystemi— 

(ill All tools are 
reailily accessible to 
the scholars 

(/<) Theyareeasilj’ 
supervised by the 
teacher. ^ 

,(c) Missing tools 
are at once detected. ■ 

(d) Being expo.seW 
they can more easily 
be kept clean. 

(e) They offer no 
impediment to the 
scholar when at work. * 

*^TIie Bench. —Ri- 
gii^it^s an essential, 
feature. .Tlie most 

suitable size is 5 ft. ■ n,. 4 

long, 3 ft. wtde, and , , * " ’ ’ 

2 ft. 6 in. high. It foHojjs naturally'thal different individuals requira^nches 
in keeping with their height The top surfoca of the bench shotila be in 
line vrtth* lower portion of the bnttockW It would be advisable to vary the 
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liei^lit of tliB beiiclips in a rfM)!!! from 2 ft. 4. in. to 2 ft. 8 in., placing the 
lower bencliea to the front an<l the higher lienchcH to the Ijack of the class. 
They .shoiihl he provided with substantial vices (tig. 4). 

The vice is a most important featiire of the bench. A^arions forms exist, 
and it is most economical in the end hr furnish all l)cnche.s with good vice.s 
at the outset. * ^ 

IiiHfttnliineutiJi (iHj> fire. —These are the liest in the market, and though 
the first cost is relatively high, this is more than comjaMisuted for by the 
saving in time and worry, anil the etteeti\'eness of their grip. They .should 
be lined with hard wixhI. 

I'arkiimm'e Vice .—This is an e.xcellent vice, but the spring blade actuat¬ 
ing the instantaneous grip action is apt to get out of order. It is certainly 
to Is! preferixsi to the oldfashioned screws. , 

Iron iicrewe. —'rhese are a great improvement on the old wooden screw 
but entail much loss of time, and the grip atTorded is not “parallel”. 

Wooden Snv.im. —These, though still much useil on account of their 
“cheapness”, are very unsatisfactory. Like wixalen .ships, they should lie 
regaixled as " things of the pa.st ”. 

t'tntnd Tool Racks .—Those need no special description; the accom- 
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paiiying figure (5) explains all <ieta.ils, and tlie number and arrangement 
of the tools can bt' varied nccoiding to special •requirements. 

Clipboard for tlpenid Tools. —A cupboard .should be specially fitted, and 
placed in a convenient iK).silion in the nKun, to hold all extra tcxjla The 
dimensions and interiial fittings will depeml upon the nature of the s|>eeial 
twls stocked. 'Pha scholars have free access to such a euplsmrrl during 
thP execution of any special work calling for the use of such triols as the 
cupboard contains; all tiwils should Is; returned to the eupixmrd at the close 
of the lesson by the user 

Work Cujihoanls —'/yoe/e/a .Siitlieient aecommcxlation shoidd Ix' pro¬ 
vided to hold the woik of each se|xirnte class attending the centre. Many 
.systems arc adopte<l, hut the Ix'st consists of providing a looker for the 
work of each class; these shouhl be eontained in one or more cupboards, 
each “locker being approximately 2 ft. long, 15 in. high, and Iti or 18 in. 
deep (front to luiek). These .should be provided with kx'ks. 

Vli/ibiHirds lor moriiiif Finishrit Work.- Thit size at)d arrangimient of 
such cupIxMirds will vary according to the nature and amount of work 
executrsl. Any ordinary eiiplKuird will answer for the pur]K)sc. 

Hhnii' Casts .— One or more show ea.se.s shoulil be provided, in whicb suitable 
S|s-cimens of the .srdiolar.s’ finished work can Ix' exhibited, the main purpose 
of exhibiting .such work Isung to encourage emulation. 

A eass is also nece.ssary in which to store .specimens of wissl, &e., to 
be*used during the l(!.s.sons on timber, t(x)la, &c. All specimens should be 
properly labelled and classified, and scholars should be encouraged to examine 
such specimens. * 

Oeiwral Stis'k Cupboarit.— Oim such cupboard is necessary for the purpose 
of storing articles of a general character. o 

(C.) Drawing Ci.A.ssitrsiM. —It is common in manual-training classrooms 
for scholars to prepare tlieir ilrawings on the work lauich. Whilst this may 
seem economical, it is detrimental to the scholar, and tli<! conditions arc not 
conducive Jo the prcsluction of really satisfactory drawings. 

VHsadvaiitnije to thr Child. —'I’he scholpra have to stand for a considerable , 
tiiJ!eJ!l5 a stooping position, causbig the_ bnek and legs to ache. 

DIfadranl/tgrs to the WoH. —1«) Owing to the stooping position occupied 
by "the scholars ttjey hf^vc not complete control over the drawing instruments. 

(6) The tired feeljifg, faused by-conStant standing and stooping, leads to* 
carcle.ss work. • , 'i 

(c),T|je Ijenches cannot possibly lx>,kept as clean as a drawing desk Or 
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table should be kept, and in consequence the drawings cannot be kept clean 
and tidy. > 

{(1) Where the benches are used for the purpose of a drawing table, all 
scholars must ceasfc drawing at the same time, be their drawing tinished or not. 
'the provision of a special classroom and desks enables scholars to complete 
their drawings without being disturbed by the movements of other scholars. 

Aduautuges o/ a Drawing Classroom.— (a) The desks arc specially coii- 
structed for the pui’pose, and avoid the necessity for the scholars occupying, 
a stooping position. 

(b) Stools are provided, thus enabling the scholars to occupy a position 

of rest during the lesson, which is conducive to the production of more 
careful work. ' 

(c) There is an air of special cleanliness about the. room which un¬ 
consciously inflticnces the scholars to put forth their best efforts. En- 
vironment makes the man." 

(tl) Scholars can sit ipiietly and complete their drawings whilst the re- 
niaiudcr of a class is at work in the bench riKUn. 

(«) In centres where more than two sessions per day are worked, the 
provi.siun of a ilrawing classroom enables the time for each class to overlap, 
thus reducing the total number of hours per day which the teachers at 
such centres are compelled to be present. 

Thus, in a centre working three se.ssion8 per day, of two hours^duration, 
and having two teachers, the times of the classes could be arranged ,as 
follows;— 

(Iroup A, 8 :10 n.m. to 11 a.in. Group B, lOdO a.m. lb 1 p.in. Group C, 
12 :10 to ;i p.m. 

Group A would bo drawn frqiii the school on the premises. 

Group B would lie from schools in the immediate neighbourlnxsl. 

Group 0 would be from schools somewhat removal from the centre. 

It is a common practice tosdovotc only two hours per week to the work; 
this is insufficient time in which to,do*justicc to all branches of Uic subject. 
’ I’he above arrangement would give the scholai-s more time for the wl>rk 
without distressing the inanual-tralaing teachers. Diiribg the middle ^sriod 
the teachers woulil rtjicve each other u>r the’pufposc of affording a luncheon 
interval. . . ^ ^ , 

DimeuBiona uf Dmxvintj liixmi. —9'he|^ will vai^ aeij)rding to the-num'ber 
of schol’.Ts and the (rarticular typo of drawing desk adopted. Designs fur 
desks are shown in tigs. 6 and 7. , . 
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Assuming that the drawing classroom is a continuation of the bench room, 
having a width of 24 ft., the most convenient foam of desk would be that to 

• accommodate three .scholars, thus giving a central passage 3 ft. wide and side 

• passages 18 in. wide. Each row of desks, including space for the stools, will 
occupy about 4 ft. run of floor space. Thus with twenty-four scholars in the 
class there would be,four row.s, occupying 16 ft. run of floor space, and, allow- 
iiig»for a teaching space of 10 ft., the room would re(|uiro to be 26 ft. long. 

• Jiosilion of the Ihtiwiio/ Rmnn .—The i-ooiii should form a continuation 
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of tlie bench rixmi. and Is- .separated therefrom by means of a partition 
having the top portion o| glas.s. . 

This may have the’eflect of producing a long, narrow building, but this 
diSciilty c^n be overcome by arranging, the rooms aide by side, when it 
tnufd be Isirne in mind, however, tliat one side of the Ixmch roonu will * 
hav^jUb windows—'a* serious defect onl^ partly compensated for by the 
insertiqp of lights in the roijf. * . 

• I^ijjhtivg lyiff —The room ^hoald be particularly well ligh^fd, 

and a top light is a gfeat’advantage. Xhe ventilation of the room should 
be carried out in a manift-r .similar to that prescriljed for the bench \ooin. 

(•EVER/). Fittinos: Drawing D/i>kA,x-A simple form of drawing desk is 
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Fig. 7 


shown m Hgs. 6 and 7. In design they are similar; the length can be varied 


to suit the conditions of the room. 



• Fig S 


The desks are 2 ft. 9 in. high. Thus 
scholars have to occupy a semi-stand¬ 
ing position. The slope of the top 
should not exceed 10 degrees, and 
the small shelf on the top provides 
accommodation for the drawing tools 
whilst work is in progress. The pro¬ 
vision of a dt'awer is not essential, 
but when introduced it enables |he 
smaller tools, common to the desk, 
to ho locked away at the clo8{,JDf»the 
lessfin. ‘The class monitor sliouid be 
held responsible for the supervision 
fit such draA&ers. 

The. Stools .—These are small but 
they afford just the required amount 
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of rest to the scholar, at the same time preventing general shiftiness. (See 

, fig- 8-) 


BUutkhoard .—A large sliding blackboard should bo provided, together 
with a platform fi-om< which to teach. 

Cupboards for generul stock, and racks for storing drawing boai-ds and 
T-squares, are essentiftl. 

A teacher's denrumstration table is a necessity, .ami may be in the 
fortn of an ordinary tabic. 

(D.) Stork R<X)M.— It is essential that a room be provided in which 
to properly store the timber. It should be large enough to permit of all 
kinds and thicknesse.s of timber Ijeing separately grouped and stacked in 
such a manner that air can circulate freely alxmt the planks; at the same 
time eafh stack should be readily accessible. 

. The room should be well ventilated to carry off any moisture arising 
from the continued seasoning of the timber. 

To leave the timber standing in the classroom, as is sometimes done, 
gives to the room a very untidy appearance, which is detrimental to the 
best interests of the scholars. 

(E.) Teacher’s Room. —Whenever possible a small room should bo pro¬ 
vided for the use of the teacher. This should be furnished with desk, chairs, 
and a cupboard or shelving for books and stationery. 

6eneral*Reinftrks: Warming.— It is often ui-ged that, as manual work 
is of % physical character, it is not necessary to make provision for warming 
the room; this is a f|l!acy. The temiierature of the manual-training room 
requires to be but little below that of the oi-dinary classroom. 

Assuming that the work is of a physical character, it does not follow 
that at all times all scholars will be perforftiing such tasks as call for 
sufficient physical effort to keep the blood in rapid circulation. Hence 
provision should be ma^e for warming all rooms in cold weather. 

Open Jireplaces are most healthy but not nxMt economical. Where this 
fornPjs adopted care must be taken to ust a guard surrounded by gauze 
as a ^l^uard against .lire. The ^auze prevents the heat radiating freely 

into th« room. • • •* 

• • • * 

Hql-tmter Radiators. —These are the most effective, And provided they 
are directly assdciatmd witli Jhe air inlets, ^d ^o situated that filth canncA 
accumulate* in inaccessibfe^parts, thejl afe, next to open fireplaces,.most 
healthy. • ' \ 

Slow •combustion Stoves and Oik Sdfbes. —These certainl/ warm the 
(oeu) > 
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Bnus JSicutcheon Pin$ 

2 H>. each, 1|, 1, I in. 

8crkw8— 

1 groan each, in.i*12, 

12 . 

2 gix>Ms wwli, *t iii.-8, in.-fi, 

liras* IScrew* {round headed) * " 

2 gr<JH8 each, | in.-4, | in.-3, J in.-3. 

2 gi-oaa Hooks, ^ in., brass, si|uare 
shouldered. 

1 iStoVK and Tkay for gluepot. 

Tho foregoing list represonte an economical cMpupment for a cia^^. The 
list can be revised or supplenjentcd to suit the particular course of work it 
is proposed to adopt. All tools should be of the very best c|uality; inferior 
cheap tools lead to unsatisfactory work and prove more costly in tlie end. 
Economy and efficiency should be combined. Economy at the expense of 
efficiency is but false economy. 


4 N’RKWf>RivER8, 4 ID., tH)X Jiaiidlcs 
(cabinet pattern). 

2 each, SroKRSHAVKS {hast buxwuod), 2, 1|, 
in. 

.5 SPOKE8HAVB8, fcJUnley’s ii'on (double 
cutters). 

20 Try SciUARKfl, 4^ in., eb<»ny stocks. 

2 m 

Nails — 

£e*t Oval Wire 

2 lb. each, 2,in. 

3 „ 1,1 in. 

1 i in- 


CHAPTER III 

Class Management and Discipline 

In a well-ordered manual-training claus there muat be perfect discipline. 
The scholars, in manual-training classes, by virtue of the special character 
of the work carried on, must have greater freedom, hence the necessity 
for strict discipline. Whilf((t perfect discipline is^esaential, tho teacher must 
not become the slave of any particular system. Discipline is the means 
wh,ereby tho teacher gains his purpose and leads his scholars to the desired 
goal with the greatest case to ?11 concejTjed, and with tho groatesbaimount 
of good to the scholars under instrtiction.' It is a moans to an end,‘not an 
end in itself. , ^ , 

The Teacher. —The influence*^ of __the teacher‘iipon*the'^chiI<Jren under 
his (jpire is more powerful than is usually recegnized. Children observe 
, every movement of the teacher. ^Tlicy watch his incoming; they observe 

his movements in the class, listen to his discourse, note his radbds. observe 

• « 
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his habits, and consciously or unconsciously tend to follow his example. 
This being the case, how necessary is it that the teacher should watch himself. 

Order and Neatness. —If habits of orderliness and neatness are to be 
' encouraged in the children, the teacher must see that in all his doings he 
himself is orderly and neat. The iwin and all that pertains thereto must 
be arranged and kept in an orderly manner. There should be a definite 
plaCb fur everything; the scholars should know that place and be taught 
te keep things in their places. During the lessons many tools are rciiuired; 
these should not be strewn alsjut the bench in an indifferent manner. The 
teacher, whilst demonstrating to a class, should quietly, and without ostenta¬ 
tion, so arrange his tools that the scholars see at once the value of such 
an arrangement, and how roa<lily each tool comes to liand when required 
for use. The bench should not be overloaded with tools, but as each ceases 
to be 1-equired it should be returned to its place in the rack or cupboainl. 
When passing round the class, call attention to any untidiness connected 
with the benches. At the close of a le.sson scrutinize all racks carefully 
and see that the tools have been properly put away. The scholars should 
brash all parts of the l)ench, thus leaving it clean and tidy for incoming 
pupils. 

Surplus material from a lesson should be returned to the stoi'eroom. 
Nothing gives to the rof)m a more untidy appearance than a number of 
short ettdia and sawn planks distributed at random alsrut the sides of the 
classroom. 

All woi'k and books .should be carefully collected and stored in suitable 
cupboards at the olo.se of each lesson, and the distribution and collection 
of such should te the duty of the monitors. 

At the close of a lesson scholars should •write their names and bench 
numbers on every piece of work, to facilitate future distribution. 

Elach scholar should provide himself with an apron, to which should be 
attached a label bearing his name, be^ch number, and class. 

•Punctu^ity. —The teacher should te. in his place from ten to fifteen 
min&tes before the commencement of the.lesson. When teachers fornr the 
habTt^Sf coming la%,* it is small woqder* that their scholars attach little 
impott^ce to habits of punctuality. The teacher teingt in his place before 
tithe* enables ihc ginnitqps to enter the classroom and distribute all books, 
work, and aprons beforfe th*e .seholaiw enter; thus the real work of the class 
can be proceeded with wfthout loss of time. Ai^other advantage gabled by 
the teachqr i» that he is enabled io pnepare any material or arrange fof 
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^special requirements of sucli a class. Where teachers enter the classroom 
their scholars, much' valuable time is wasted in such distribution of 
'•i^al or^amih special preparation. Not only is there a great waste of 
time, but the'sdbolars, having nothing to do in the meaijtiine, become restless, 
and the teacher disconcerted. Once this takes place in a class there is little 
hope, of silent, steady work during the lesson. • 

All lessons should start at the time appointed, and the same punctu^ity 
should he observed at the close of the lesson. Concerning the (juestiou ef 
punctuality, co-operation is needed on the part of the teachers in the schools 
from wbeiiee the scholars are drawn. Many teachers form the habiv of 
keeping scholar to do special work when they should bo in attendance 
at manuol-traiaing lesson, with the result that when a class is lined 
up for entering ^6 room -all are not present. The scholars instinctively 
t^e'this as n'mark of disrespect for the subject, and are tempted to'^think: 
“If teacher does not care whether I am present to time or not, then why 
should I care?" ‘ 

All latecomers should be carefully questioned concerning the reason for 
latenesi, and a record kept Absentees should be carefully enquired after, 
and the seriousness of such absence pointed out to the scholara 'nt'e,4tic- 
cessfpl working of a class is often ruined by scholars who attend irregularly. 

The attendance of scholars at manual-training lessons should in no way 
be interfered with by the introduction of special events, os sports, special 
drills, &C. A time is appointed for the manual-training lessons, and nothing 
should be allowed to interfere with their due course. 

IblBiton and their Use. —The successful teacher is usually the one 
.who does least for his class. He acts as a director, and by the judicious 
selectiwi and guidance of monitors secures that most of the work—other 
than absolute teaching—is done by the.scholars. This has a very important 
bearing upon-the class. Boys love power, therefore there is, in the promotion 
of scholars to act as monitors, a valuable incentive to work. The pupils 
are mode to realize that they are'themselves responsible for^the general 
condition of the room and its orderliness. This arrangement enable! the 
teacher to think and act calmly^'and to Avoid that semblance of riSh“and 
hurry which is so fatal to successful teaching. , ‘ 

, Monitors should be in their .places, if possible,. ten,/ainvtes before the 
incoming class, and have everything in readiness f6r work. ' 

EiHry of Scholars. —B«Iore entering the cla&room the scholars should 
•“ line up ” in>readines8 to enter the room- Whilst on line the teache?- should 
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rapidly review each scholar, noting such points as untidihess of parin', 
dirtj’ boots, hands, face, &c. This may appear <to be a miuov point; 
no business of the manual-training teacher, but rememb^- ails 

' the, time being in cl\firge of the manual-training teacher, .wlio''‘mu8t ka^e 
notlung. .undone which will conduce to the general wellbeing of the class. 
Tlie scholara may be "poor, but poverty is no excuse for carelessness or filth. 

Scholars should march in an orderly manner through the lobby, and 
a monitor should be appointed to see that hats and coats are hung up tidily. 

When the scholars enter the room they should march quietly to their 
places and remain at attention for ensuing ordens. Where sdhotars are 
allowed to enter the room indifferently, chaos prevails, an(]^.t^;;itee|cher’s 
time and energy are expended in securing that which should kiva'exkted 
from the first—Order. . . ' ■ , . 

Rofflatration.— Class registers should be called and atCehcLuices iWkded 
in keeping with the instructions laid down in the Code. Here again correct 
habits on the part of the teacher show themselves and have a.silent Influence 


on the scholars. 

Jlillltoibution of Lessons. —All lessons should proceed in a methodical 
manper. 

A certain portion of time should be allotted to drawing. This is best 
taken at the commencement of the lesson, before the physical condition of 
the scholaw has become affected by the exertion of working at the bench. 
Not*«iore than one-fourth the total time should be devoted to drawing. 

Tm change from drawing to benchwork should be orderly and quickly 
effected. All drawing materials should bo carefully passed, occordipg' to 
given signals, collected, and placed in their proper places by.the monitors. 

When starting benchwork it is a good plan to call all scholars -sound 
the demonstrating bench, and if necessary give any demonstrations that 
may be required. Shoi}ld«no demonstrations be necessary, the class tihoald 
be carefully questioned concerning the method of procedure for the particular 
wodk on hapd, and any information of a« general character which may be 
necessary should then be given. This arrangement enables all scholars to 
settle ajuickly and qfiietly to the^- wor]c sfithout confusion. 

During the benchwork lesson the scholars should be interrupte<l as little 
as ^i^ible. Muctojjime,i8 wasted by repeatedly stopping the whole class. 
This should as far as possible be done only when a demonstration is about 
to be given, or when the*lesson is about to clos^. ' 

Lessons on Tools, ftC.—Much of this work will be perfonned during* 
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the demonstrations, but it is a good plan to set apart ten minutes at the 
close of every lesson for <this purpose. 

Narking’ Work and Keeping Records —All work executed by the 
scholars should l)e carefully marked, and such marks entered in a jlass* 
record. Properly Itandled this has a wonderful effect upon the scholars. 
They try to gain good marks and are anxious to tak« a good place in the 
class. 

A diary of the work done during every le.s.son should l)e kept, noting 
lessons taken and inserting general remarks upon each individual class. 
These recoi-ds are a \'aluable guide to the teacher in arranging his work 
for the class, and are invaluable to the inspector who wishes to analyse 
the work of a class in a thorough manner. 

Whenever possible the work .should be marked in the presence of the 
scholars in order that all errors may be iminted out to them and a* kindly 
word of encouragement given for future effort. 

Aids to Discipline.— The most valuabh’ aid to discipline lies in the 
careful organization of work by the teacher. 

There must be a definite but simple system of laws with which the 
scholars are early actpiainted. These laws must Ije constant and not subject 
to change according to the mood of the teacher. They mu.st be impartially 
applied. 

All scholars should l)e kept constantly employed; nothing leads to poor 
di.scipline more quickly than “ having nothing to do ”. • 

Orders must be simple and promptly executed, one at a time. Thej’ 
ihould not be repeated, or given in a loud tone. The teacher must be con- 
listent and Just in all his dealings with the scholars. 

Exercise kindness combined with firmness. 

At no'time must scholars be allowed to become unduly familiar, yet 
hey must feel that in the teacher they have someone to whom they can 
ppeal for .sympathy and direction.^ 

The expression of the teacher's face is a valuable aid to ^isciplinei' A 
leasant look should reward right doing, whilst a stern look should be 
ifficient to cheek any wrong {a3tiop. * ' ‘ * 

Use your voice as little as possible: with a well-traijied claqs k look 
ill suffice. • . , » • ' * 

Any system of signals by means of> the bell Aiould be simple aftd definite, 
le ^oice should not accompany the bell. * 

Avoid noisy threatenings. If the law be broken, call thf particular 
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offender to order, do not blame the whole class for the offence of an individual. 

Where corporal punishment becomes necessarj* the scholars must realize 
that the laws demand its u.se as a deterrent and that it is not administered 
' to ^-atify the persoryil feelings of the teacher. 

Scholars Talking. —It is not advisable to insist on perfect silence during 
the benchwork lesson. Provided the scholars do not become too noisy, the 
fact ■ that they are interchanging remarks concerning their work should Imj 
recognized; scholars often help one another to overcome little difficulties 
wliich may probably have 1)een overlooked by the teacher. The interchange 
of ideas in this way, and the inspection of another b)y s U'ork, often en¬ 
courage the weaker ones to renewed effort. 

Such talking, where permitted, must be under perfect control by the 
teacher. It should cease instantly when the bell rings, and it should be 
within the teacher’s [X)wer to withhold the privilege temporarily. 

On no account should scholars be allowed to leave their places for the 
purpose of holding a discussion with their companions. Such a pi'oced.ure 
is indeed a sign of bad discipline. 

Corporal Punishment. —It is very rare that corporal punishment be¬ 
comes necessary in the manual-training class, yet scholars should realize 
that the teacher has the right to administer such should it become necessary 
to have recourse to the same as a deteri’ent in certain offences. The know¬ 
ledge that4he teacher possesses this power should be of greater .service to 
the teacher than the exercise of such jjower. 

The exercise of corporal punishment is degrading in a measure to Ixith 
teacher and scholar, and the teac'her who is constantly exercising this right 
soon forfeits the respect and goodwill of his scholars. Such a teacher 
cannot guide, lead, and control by the exercise ef his personality, but secures 
so-called order as the outcome of fear. 

Where corporal puiyshment becomes essential, the teacher should ad¬ 
minister it in a cool, unimpa.saioned planner, ’strictly conforming to the 
regwiations defined by the Code under •which he works. 

F&member, corporal punishment is your “big gun”; when it is fired, you 
liave Althing to fall *baek upon. * , •* 

Advantages .of Good Discipline. —It secures to soliolar and teacher 
alike the greaitest aamoupt of comfort and eifables work to proceed in aa 
quiet, ord%rly manner whicTi is pleasant* to all, and none appreciate good 
discipline more than the cluldren themselves once the habit has been fStmed. 

Where good discipline exists tha woik proceeds with ease, and many* 
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lessons which would under other <circum^^^ce!^'appear mere drudgery be¬ 
come the scholars’ pleasure. ■ ' . 

It has a far-reaching effect on the fotunf of the children, and they become 
amenable to the more rigid discipline o(comme(o&i life. 

Without its aid the intellectual developn^t of the child is seriously 
hampered. 


CHAFl’ER IV 

Drawing 

INSTRUMENTS AND THEIR USE 

Introduction. —The important bearing which drawing has upon all 
modern arts and crafts is now so well understood that for a boy to leave 
school without a knowledge of the subject is to handicap him heavily at 
the outset of his commercial career. 

The inclusion of drawing in a manual-training course should have for 
its ultimate object something more than teaching a boy merely to draw. 
It should develop his powers of observation, teach him to think and reason, 
make him careful and accurate, and train his eesthetic faculty. * 

ITie greater part of the drawing employed in the manual-training 'room 
is of the type known as mechanical drawing, but it need not, and should 
not, be confined entirely to this branch. 

It will usually be found that boys enter the classroom with little or 
no knowledge of the principles underlying the production of such drawing, 
or of the use and method of manipulating the tools commonly used in its 
production. This being the case, it is the busine^i of the teacher to first 
explain the nature and mSthod of^ using each drawing instrament as the 
necessity for its use arises. . ' - , 

'Demonstrations In Drawing:. — Scholars more readily understi^d a 
demonstration if it be given ‘under ej^tly ' similar conditions ta those 
under which' they are expected to work. The teacher should therefore, 
in addition to- any drawing'or .sketch he may place upon <the blacklmard, 
also draw the exercise in the drawing book or on paper by the aid of 
drawing board and T-square, in just the same manner as the scholars will 
‘ have to prepare their drawings. »Demonstrations of this kind are «of much 
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greater importance than any amj^t of- blackboard work in making clear 
the correct principles underlying use of the drawing tools. 

Necessity for Drawings.— Whsh introducing the subject to a class it 
•should be made quite clear that-all schmars roust prepare their qwft drawings, 
which shall show all the diincifisions of the object to be mode,*'fit order thsi, 
as the work of making the object proceeds, it will be possible to obtain, 
as the n^ssity arises, the dimensions of any particular detail. 

Meth'wof Preparing such Drawings. —The drawings should on no 
account be mere copies from prepared drawings or diagrams. The teacher 
must take^ a wider view of the subject than that of producing mere 
copyists. 

In the early stages the drawing must be taught from a finished specimen 
of the object to be drawn. Such a specimen must be exhibited and the 
scholars* questioned concerning the details of shape, arrangement of parts, 
and dimensions, the scholars being allowed to measure the different dimensions 
as the work proceeds. From the information thus gained the teacher should 
prepare rough sketches, marking in the dimensions, and from these proceed- 
to prepare a finished working drawing on the lines already laid down. Later, 
we shall give in detail the method of taking the lesson for the first exercise. 
This should serve as an illustration, and the principle can be followed in 
all future exercises, the teacher varying the detail of the lesson as the scholant 
acquire mone knowledge and skill. Later, the scholars should take a model, 
analyse it for themselves, make their own rough working sketches, and 
then proceed to execute the finished drawing. The preparation of rough 
working sketches introduces facilities for practice in freehand work. 

Drawing Tools Necessary. —Each scholar should be provided with the 
following drawing instruments. • 

RuiiE.—This should have on one edge inches subdivided into sixteenths 
'■hroughout the entire lengtl^ whilst on the other edge it should be subdivided 
into millimeters. Rules should be majinfacturSd from the finest-quality 
boxwood, whgh has been thoroughly well seasoned and is straight grained. ^ 
Chea^ rules are usually made of inferior-quality boxwood, and quickly 
warp, tjus making thbm useless f^r the,pK*luction of accurate work. 

SKf ^QUAKES.—The most Suitable are those framed from Well-seasoned 
pearWood. Thes vulcanite ^et squares, whilst retaining their shap* well, are 
apt to accumulate dirt upon*the surface, which is easily transferred to the 
paper, thus making the drawings dirty. . ' 

Each^chplar will require two, l.e. one 6 ki., 45°, and one 7 in., 60°. 
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Pencils. —Eacli scholar should be provided with two pencils, an H or 
H H, for drawing, and ah H B or F, for writing. 

For mechanical drawing it is usual to sharpen the 
pencil to a “ chisel ” point, as sljown in accoinpai\ying 
figure, thereby ensuring a clean sharp lino. Where 
young children are concerned there is a danger of such 
points being used “ broadside ” on. It is often advis¬ 
able, therefore, to adopt the conical point in such eases, 
reserving the use of the “ chisel edge ” for senior classes 
only. 

Rubber.s. —In the early stages it is not wise to dis¬ 
tribute i-ubber to each scholar. Should an error occur 
the scholars should oaH, the attention of the teacher to 
the mistake, who should make the necessary erasure. 
This plan serves to engender habits of carefulness and 
attention, and the teacher early finds out who are his 
weak scholars, and can give them any special attention 
required. Later, when correct habits have been formed, 
relied upon to execute their own erasures. 

Compasses. —These should be about 6 in. long. They should be strong 
and well jointed. It is advisable that they be of such a pattern that ordinary¬ 
sized pencils may be used. The smaller special compass peiecils are too 
apt to break, particularly where, as is often the case, the same compasses 
have to be used for both drawing and marking on wood. 

It is essential that the needle point be kept perfectly sharp. The com¬ 
pass is retained in position by means of the sharp point just gripping the 
surface of the paper. Blunts points will not grip the surface, and the scholar 
has perforce to drive the point of his compass into the paper, thus making 
an unsightly hole, which is a grave error. • , 

The pencil point should be k^pt sharp, a “chisel edge" may be used 
with safety in ^ this case. • * • 

• Drawing Boards and T-Squares. —For senior classes all scholars'should 
be provided with suitable drawihg j^rds'and T-squarSs. " 

The best drasving boards are those made of American yeUoAr pine, 
grooved on the back and jfrovided with hardwood ledges, the ledges being 
fixed by means of screws working in slotted trass plates, thus Allowing for 
expf^sion and contraction without the danger V splitting or alteration of 
• shape. • 
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The T-squares should be of pearwood or mahi^any. Those with taper 
.blades screwed to the stock are best, the taper giving a larger surface 
pf contact with the stock, thus affording better fixing, and reducing the 
tendency for the angle*to-become altered should the instrument be carelessly 
handled. 

The most suitable size of drawing board and T-8(juare for manual¬ 
training purposes is the "half-imperial". 

Method of Using the Drawing Instruments: The Rule.—B y the 
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time the scholars reach 4h3 standard of admission to the woodwork class 
they should have received some training in the use and manipulation of 
the r^e and Mie principles of measuring. Should the aoholafs have received 
no suela instruction pijBviously, it jvill bo nwessary to explain the division 
marks .fin the rule, dealing first with the ^^nglish standard—^e yard—and 
its ^uMitisions, and later with this metric stodard—--tKe metre—and its 
subdivision|. * • * • « *. * 

Where the scholars haye not previously taken a coarse of simple^ me¬ 
chanical drawing it is- advisable that they use df-awing books with rules 
and set lijuires rather than pr^eed at onc8 to the use of the drawing board 
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and The use pf the rule and set square as here described sei-ves 

as a yalqable hand training in itself, and Wps ta engender habits of 
attenWin, carefulness, and accuracy; later, drawing boards and T-squaree 
may ber^ptroduced. 

Thus, in this section of the work the rule serves the dual purpose of 
measuring and drawing horizontal lines, i.e. those lines extending length¬ 
wise of the paper. All perpendicular lines, i.e. those at right angles to 

the horizontal lines, are 
drawn with the aid of the 
set squares, as explained 
later. 

When marking dimen¬ 
sions the rule should be 
held with the first and 
little fingers of the left 
band, the head occupying 
a position immediately 
above the position of the 
mark to .-be made. The 
pencil should be held up¬ 
right, and the necessary 
mark-made by just touch¬ 
ing tht^.' paper witli the 
poiut of the pencil (See 
fig. 10.) 

Using the Set 
Squares. —As already ex-' 
plained, the set squares 
’ ire used for enabling us 
to draw perpendicular lines. They are also useful for enabling lines to be 
drawn parallel to any given oblique line, and for constmctidg angles such 
as ihoee found in the set squiy^es themselves, or which can be obtrined by 
coml>ination3 of those angles. ' * 

Erecting Pebpendicui^er —Having marked the position oF theo Mr- 
bendicular, the ruler should arranged alen^ the norizontsj base fine 
and /leld with the first and little fingers as already described. Thjs^rvea 
as a foundation edge al6ng which the set square can be moved? T^set 
square is tten slid into position'^ by (he right hand. Having fearefully wj- 
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justed the position of the set square, it u( held firmly 
of the two mimt? finger^of the left hand, and tfie ” 

,in 11. 

Obuqu* Likes. —When it is necessary to draw a number of IJi^ 
to any given oblique line, the 
work can conveniently be accom¬ 
plished by first placing one edge 
of the set square, as A B in fig. 12, 
to the given lino MN, then adjust¬ 
ing the ruler to one of the ad¬ 
jacent edges of the set square, as 
BC. By sliding the set square 
along fjie edge of the ruler indi¬ 
cated by the arrow, any number 
of parallel lines can be drawn. 

Obtainino VAB10U.S Angles. 

—The angles usually found in set 
squares are 90°, 45°, 60°, -30°. It 
is possible to obtain other angles 

by combinations of those already given, as will be seen in fig. 13, which 
shows the method of obtaining angles of 105°, 75°, and 16°. 
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MeJhod of Setting the Ck>iipAss.-.-When compasses, have to 
they phould first be opened to a distance greater than ih« ^uired^raSus, 
and'c^fdly set by a ck«ipg process. ,.• * ^ • 

THE OoMPASsES^They shiftild’be held at tiie top by me|nS of 
and first finger of the right hand (awshovcn hi'flg. 14). Held ^ 
ia^6iis*way the compass can be swept lound the entire cir6ie in either' 
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direction witl|M^h|P^nj; the 
position of th¥}iiw8. ' The com¬ 
pass should slope slightly in the 
direction ' of advance. Many 
draughtsmen now advocate the 
use of the left hand for compass 
work, thus to some extent re¬ 
lieving the right hand and also 
enabling it to retain its hold on 
the pencil in readiness for fur¬ 
ther use—a doubtful advantage, 
though it is recommended as a 
time-saving arrangemei^}.. 

Using Drawing Board.s and 
T-Squabes.— One great diuw- 
back connected with the use of 
drawing boards and T-squares 
in manual-training centres arises 
from the fact that it is seldom 


possible to complete a drawing 
in one lesson. The drawings have, therefore, to be removed from the boards 
at the close of each lesson, in order that the boards may Ixs us6d by other 

scholars. This plan has 
maqy disadvantages. Once 
the paper is arranged on 
. the board it should not be 
removed until the drawing 
is completed. For this 
* isaason it is recommended 
that the use of drawing 
boards bo reserved for 
senior scholare only. , 
Adjusting thE' Paper. 
—When fixing the,paper 
4o the‘boatd, care must be 
taken to ensure that the 
long edges are at right 
angles to the working edge 



(1g. 15 






DRAWING 


33 


:/^t)TSS 


of the bo4|jpiP^H&' is done by first loosely fixing the top left comer of the 
^per in means of a pin, as at A in fignre, and then regulating 

the edge of thef paper by means of the T-square. When in the correct position 
the top right-hand corner may be pinned to the boai-d. The paper should 
be dfawn as tight as possible and the remaining comers pinned (fig. 15). 

The best method of fixing the paper to the drawing board is to first 
slightly damp the ttnder surface o^ the paper in order that it may be 
stretched, then to glue all the outer edges to the board. When dry it will 
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Iw found that the paj)er is exceedingly tight, aiyl lies evenly on the Ixtaid; 
the absence of pins is a gi-eat advantage. Whilst this is the best method 
it will easily be seen that it^ could not conveniently be adopted for manual- 
training classes. * • 

UjjlNa THE T-S(jUARE. —The T-s(|uar(f is^ manipulated by means of the 
left bund and* always from the left e<ige of the boaid. The stock should 
be kept»tight against the edge of the boar^ By sliding the T-8(iuare up 
and down the board it is possible to draw parallel horizoptal lines in any 
desired* position (fig. 16). As already explained, perpendicular and obli(|ue^ 
lines should, be SravTn by th» aid of tlje sgt sfjuaro. 

U.sE OF Indiabuuber.— if the drawings are carefully executed, rnUbers 
are seldom required. They should be lightly used and always in one direc- • 

(0M«1 • • 4 
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tioii. Heavy rubbing or rubbing backward and forward damages the surface 
skin of the paper and spoils the drawing. 

Plottino Out and Lining In. —All work should be carefully plotted 
out by means of exceedingly fine lines. When the details are finished all 
unnecessary lines should be erased and the drawing finished by going bare- 
fully over all lines and making a clear firm fine line. 

When necessary to show hidden 
details this should be done by 
means of dotted lines. The follow¬ 
ing are the systems of lines adoptM 
for mechanical drawing (fig. 17). 
Typiw OF Lines to be Adopted.— 

A. Plotting out. 

B. For representing edges in 
light. 

C. For representing edges in 
shadow. 

D. Hidden details and projectors, 

rig. 17 E. Dimension lines. 

F. Centro lines. 

Writingr.—All drawings should be fully detailed. These details should 
be written, not lettered. Lettering requires considerable tiraeg and unless 
time permits of its being carefully executed it had better be left un^Aie. 
It is better that manual-training scholars should be made to write all the 
necessary detail, leaving printing for the technical scholars. All writing 
should be carefully executed. 



. CHAPTER V * ‘ 

Principles of Projection 

OrthOg^PaphiQ Prcjection. —Mwt of ^e drawings prepared in the manual- 
straining classroom consist of plans, elevations, and secUons when necessary. 
The preparation of the drawings involves a"^ knowledge of the principles 
of dHhographic projection. It is not advisablt to enter into an elaborate 
explanation of these principles with beginners. At the outset th.ey should 
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be taught on the principle that they are preparing a picture or view of 
various surfaces of the particular model to be iSiade, such pictures being 
sufficient to enable them to obtain an idea of the shape and arrangements 
*of (he various parts, ^nd also to obtain the dimensions of any portion of 
the work. This method will bo demonstrated in the examples on page 46 
and onwards. 

The Dihedral Angles. —When considering orthographic projection it is 
always assumed that the object to be projected stands in one of the angles 
^mied by two planes which intersect each other at right angles, as in fig. 18. 

lie planes are considered to be in¬ 
finite, i.e. unlimited in area. It will 
be seen that each angle is formed 
by the intersection of the faces of 
two planes, hence the term “di¬ 
hedral ”, which means “ two-faced ". 

The angles are numbered respec¬ 
tively 1, 2, 3, 4, as shown in fig. 18. 

Simple projection treats of points, 
lines, planes, or solids in the first 
dihedral angle. All problems 
treated in this work will therefore 
[)finc^ to this angle, and for 
Rer details concerning the other 
angles readers must prefer to ad¬ 
vanced jWorks on geometry. 

Analysis of the Model.— All 
models consist of a number of surfaces. The adjacent surfaces intersect in 
edges; the edges intersect at the comers. 

In the drawing all edgeswre represented by lines, the lines having definite 
lengths according to the edges which tjiey repfesent. The extremities of 
the lines are .points, which points thus represent the corners of the object. 
Reascjping thus we have first to consider the projections of points in the 
dihedral angle, and once the prinvple is understood little difficulty should 
be ex^rienced in connection with the lines, planes, and Solids. 

I*rqjeetions*of Points*— A model of the dfliedral angle should be pre* 
pared by hinging two pifgjes of wodU ot cardboard together, pref^ably 
with blackened surfaces in order that chalks may*be used for marking the 
surfaces ffig..l9). 
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Vjacli plane must be named aa in sketch shown in tig. 19, the joint XX 
representing the ground line. Such a model will enable the various examples 
to be presented to the class in a form which they will readily understand. 

A’wimple.—Take a fairly large white marble or .bead to illustrate, the 
point. Place it in various positions, as indicated in fig. 20, using knitting 
needles or pieces of wood to illustrate the projectoi’s to the planes. 

When the fxiint A rests on the H.P., move the marble in various 
positions, calling attention to the fact that whilst the marble remains on 
the H.P. the picture of it on the V.P. must always rest on the line of 

intei’section between the two planes. 
The position of the point will be 
defined by stating that it rests upon 
the H.P. and at a certain distance from 
the V.P. 

Exphiin. —(rt) The picture projected 
upon the H.P. is called a Plan. 

(h) The picture projected upon the 
V.P. is called an Elevation. 

(c) The pictures aiTi obtained by carry¬ 
ing projectors from all points in the object 
to the various planes, such projectors be¬ 
ing always at i-ight angles to the plane 

_ on which the picture is being drawn, this 

- rig, 10 surface being knpwn as the Plane of 

Projection. 

Oive further dcnionstrations of the various positions which a point may 
occupy, and question the class meanwhile concerning its position relative 
to the planes. Call upon one of the scholars to come forward and hold 
the point in any given jxisition. ‘ c 

((() On the H.P. 3 in. froln V.P. 

(6) On the V.P. 4 in. ^i-om H.P. 

(e) 4 in. from H.P. and V.P. ^ 

((/) 3 in. from H.P. and 2 in. ftom V.P, 

'• Note. —Fig. 20 shows the point in these positiens. 

\yhen the scholar has placed the point in the desired position, question 
the class concerning the position which the plan and elevation will 
occupy with respect to the line of intersection between the plaaesi* Having 
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mastered these positions and marked the plan and elevation upon their 
respective planes, turn the V.P. down about its fiinge line so that it lies 
flat or in the same plane, as the H.P. Draw a chalk line along the hinge 
line.* • 

The teacher must now explain that when preparing plans and elevations 
of objects the draughtsman has to take an imaginary position above the 

Fig. 10 Fig. 11 



FIgt, ao-si (*hov«) • * Fig, 22 ^ Fig 22 


objoct^in order that ho may look down upon* it and make a drawing of what 
is see^^r known to bo there in order to obtain a plan. For the elevation 
he iniislr take an.imaginary positiors in front of the object, and imagine that 
all poipts* are projected back at right angles on the vertical plane. If other 
views, such as eftd of side elevations, are reiiuirerl, then the ixisition occupieik 
must be such that it will jield the desired view. , 

When drawing an object it would be inconvMiiont to have the paper 
folded like tilie model used for illustrating the principle. The dfaughtsman 






i^cores \ 


38 SCIENTIFIC PRINCIPLES, 

therefore leaves his papej* flat and draws a line across it which he calls 
the “ground line’’, and which represents the hinge line which is marked 
in chalk upon the model, and separates the two planes, i.e. V.P. and H.P. 
The picture below the line is called the “plan”, whilst the picture above 
the line is called the “ elevation ”, It is often usual not to draw this ground 
line but simply to imagine its position, for the following reason. When 
drawing objects it is usual to imagine that they rest upon the H.P., and as 
already seen, under these conditions the " elevation ” will rest upon the 
“ground line The lower line of the “ elevation ” therefore occupies a posi¬ 
tion in keeping with such “ ground line ”, Any space between the plan and 
elevation may be taken to represent the distonce of the object from the 
V.P. These points can be further dealt with as the positions of lines, planes, 
and solids are demonstrated. Fig. 21 shows the orthographic projections of 
the points shown on the previous figure. 

PrciJeetloil of Lines. —When the teacher is satisfied that the schoh^^ 
have a fair working idea concerning the projections of a point in spac^ 
the next step is to treat a line in a similar manner. Use a pencil ef- 
piece of stick, preferably painted white, for the demonstration, and with, 
a small white Ml at each end to represent tenninal points. Have ready 
the model of the dihedral angle as before. Lay the line on the H.P.; question 
class concerning the position of the points, i.e. their distance from the V.P., 
their distance from one another, the position which the elevation Vill occupy. 
Lift the line vertically upwards and again question. Vary the position, and 
question. Hold the line in aq inclined position, and call attention to the 
foreshortening of either the plan or elevation according to the particular 
plane to which the line happens to be inclined. 

Note. —The question of tines inclined to both planes of projectioi^ whilst 
being casually mentioned, should not be in any way exhaustively treated 
at this stage. The necessi^ry construction requi^‘to obtain the true length 
oF. such lines, involving as it doeii the introduction of a third plane, can 
follow when the more simple principles have been mastered. fFig. 22 shows 
the model with a line in the following positions. ,, 

(а) 3 in. from V.P. and resting on H.R 

(б) 2 in. from V.P., perpespdicular to H.P., and 1 in. above it. 

‘ (c) Perpendicular to V.P., 1 in. above H.P., and*2 in. hi frOnt of V.P. 

(«J) Parallel to H.P. and V.P., ^ in. in front of, V.P., and 1 in. atove H.P. 

Fig. 23, shows the projections of such lines as they would appear on a 
sheet of paper. ‘ • 
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Fig. 24 shows the model with lines variously jnclined to the planes of 
. projection. 

, (a) Line AB inclined 45° to V.P., parallel to H.P. and 1 in. above it. 

A iin. in front of V?P. 

(6) Line AB inclined 45° to H.P., parallel to V.P. and 3 in. in front of 
V.P. A is 1 in. above I}.P. 

Fig. 25 shows the projections of lines occupying these positions as they 
would appear on paper. 
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When dealing with the projections of lines, first deal only with the points 
representing their extremities, and, having settle the projections of these, 
the line joining the points may then be drawn. 

Having dealt with th§ projections of lines, surfaces may now be treated 
in a similar manner. Cut out several pieces of paper rectangular in form. 
Call attention*to the fact that all edges miist be represented by linesr a^d 
that tlie edges terminjiting in corners will ,be represented by points, the 
which will depend upotS the leng^ of the various edges of the 
mdK|!*’ l(oceed to deal with the projection of .each corner individually as 
for projectipg jibintS; haVfngk determined their position on each plane the* 
necessary lines representing.the edges of tfie figure may be drawn. TShese 
principles will be readily understood by reference to -fig. 20. ^ 

At A^s 4hown a rectangular pland 8 in. by 2 in. It is parallel to and 
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2J in. above the II.P., whilst the back edge is parallel to and 2 in. from 
the V.P. At B is .shown a rectangnlor plane .3 in. by 2 in. It is parallel to 

and 4 in. from the V.P.; the 
lower edge is parallel to* and 
1 in. above the H.P. 

Other positions should be 
demonstrated, and the scholars 
i]uestioned concerning the posi¬ 
tion of the plan and elevation 
relative to the ground line. 

The planes of projection 
should lie turned down so as to 
lie in the same plane, „and the 
relative position of each view 
pointed out, as was done in 
previous examples. These are 
shown in fig, 27. It now only 
remains to deal with the projec¬ 
tion of a solid body. For this 
purpose take a i-ectongular slab 
of wood about 6 in. by 2 jp. by 
1 in. Attention should be- called to the shape of each surfact^ the nature 

of the edges, and their relative posi¬ 
tions. 

Holding the model in position in the 
dihedral angle, as indicated in fig. 28, pro¬ 
ceed to deal with the projection of the 
plan ns was done when projecting the 
rectangular planes in the last example; 
, Next deal with the elevation; having 
projected the points re^esentiijji the 
corners, join the points, thus co{ppleting 
• the two views required. Thesf details 
will readily be understood reference 
to fig. 28, jvhfch shows ihe block in the 
, ‘ following petition: A large tace parallel 

to and 2 in. above thei-H. P.; the edge parallel to and 5 in in front of 
the V.P. ' ■ • 
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Fig. 29 shows the orthographic projection of, the solid in the described 
position. 

, Other forms may be dealt with, also examples in which the object rests 
up*n the H.P. One •example should serve to complete this section. 

Fig. 30 shows the projection of a rectangular box made out of J-in. 
material. In order to show the construction of the box an end elevation 
is necessary. For this purpose a second vertical plane must be introduced, 
standing at right angles to the first. Reference to the figure and a 
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.knowledge of the preceding principles .should enable the scholam readily 
to understand the refiuiretnents of this case. Call attention to the fact 
flbaf H the box be lowereil upon the JI.P. it will in no way change the 
detrfljp 6f tl^ plan or elevation. The plah will occupy the same position, 
blit ^ 1 ^ elevation, whilst remaining the same in detail, will move down 
upoathe CTound line, and, as alriidy explained, it is usual to assume that 
objecte dol^y such a position on the H.P. when dealing with their pVbjection 
for manual-training purposes^ ' • 

Isomeft’io Prcjeotlon.— The main* difltculty which beginners exp^ience 
when dealing with the orthographic projections of solids is that of forming 
a mental picture of the solid as it •reall;^ appears from the v’arious views * 
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presented. This difficulty 
is to a great extent over¬ 
come by the use of iso¬ 
metric projection, which, 
whilst it is a true projec¬ 
tion of the object, yet com¬ 
bines in one view three 
faces of the object, thus 
giving a pictorial effect to 
the projection. 

Such projections often 
have a distorted appear¬ 
ance, because the edges (jM* 
not appear to vanish as is 
model or perspective draw¬ 
ing. It is only necessary 
to state that an isometric 
projection is a true projec¬ 
tion just as in the case of 
orthographic projection; • 


Hg. 80 therefore edges which are 

parallel in the object will 
be represented by parallel lines on the plane of projection. This will be 


<- better understood when referring later to 
the principles underlying such projoition. 

It will further be seen that this form 
of projection lends itself more readily to 
rectilinear objects, though objects having 
curved outlines cEn also be similarly pro¬ 
jected, as will be seen from the examples 
which are given. c o ' 

Th^ basis of th's form of pr<^''ction 
lies in''the fact that any object leaving 
a rectangular form is so arranged, that 


rig. 81 ^ thr^ of its fldges for&in^ a solid right- 

• angled comer lare equally inclined to the 

, plane of projectiqp. All ^ints in the object are then projected on to the 
^ plane of projection, just as in the casfe of orthographic projecting. Hence 
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when the drawing is complete a view is obtained of three surfaces of the 
. object. Such a view, whilst being pictorial in character, does not give a true 
, representation of the shape of each surface of the object as in an ortho¬ 
graphic projection. • 

Another difficulty arises from the fact that, owing to the edges being in¬ 
clined to the plane of projection, there is considerable foreshortening of the 
'real lengths, and if the projections are to be true to scale it becomes necessary 
to ascertain the correct ratio existing between the actual length and the fore¬ 
shortened lengtii. 

This ratio will be found to be as ^3 to which ratio is shown in 
fig. 31. If natural lengths be marked along the edge A B. and perpendiculars 
let fall on AC, these lengths are the isometric equivalents. Hence an iso- 
.aaetric ocnle can be constructed. The use of such a scale is unnecessary for 
loanual-training purposes, for it will readily be seen that any natural scale 
can be used provided always that the scale is stated, and that scale used 
for ascertaining dimensions when the object dravm is to be made. For 

further details concerning 
the proof of the above ratio, 
readers are referi-ed to ad¬ 
vanced works on geometry. 
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of^oddl SlevtUon of ths^odd • 

• • 

Teaching the Principles. —For this purpose the teachpr should provide . 

himself *wi(h a model as shown in* fig. §2. It eonsists of a* W'ood base 

» • 
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liaving a glass screen let into one end. Behind this screen, and supported 
on a knitting needle, is a culxs. It will be seen that the knitting needle 

passes through the diagonal 
of the solid; hence, if .the 
needle stands perpendicular 
to the plane (wood base), 
the edges of the cube will 
be equally inclined to that 
plane. Having prepared 
the ino<lel in this manner, 
a projectioti can now be 
made on the glass screen, 
the lines being drawn with 
a piece of .stjap. First 
mark the position of point 
A, then proceed to project 
cornei-H B DE and join to A. 
Next project the corners 
F H C, joining the various 
points as shown, thus com¬ 
pleting the projection of the edges. A complete view of the cube is thus 
obtained, showing three of its faces. The edges AB, AD, and AEt!ach bound 
similar angles, i.o. right angles, ainl these angles, as already explained, are 

ecjually inclined to th^ plane of projection. 
Therefore their projections are equal; that is, 
the angle contained at the centre by each pair 
• is e<{ual. Now the sum of these angles must 
be 360°; therefore the angles, being equal, 
each must contain ]ig 0 °, and these angles are 
constant for all rectangular bodies. 

' Note. —Fig. 33 shows a method of.deWaon- 
strating to the class the fact that oquajj^ngles 
equally inclined have equal projections Take 
three set squares and incline then» equally, 
make projections m shown, and measure the 
contained angles. Mastery of this principle affoyds the key to all isometric 
projection. » 

The three edges meeting in' the centre point, and enclosing angles of 
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120°, are known as the “ isometric axes The point of intersection is called 
the " regulating point ”, shown in fig. 34. * 

^ If a linfe be drawn at right angles to any axis, then the remaining axes 
inuat make angles of* 30° with such a line. 

This fact proves of great convenience, for 
it enables a base line to be drawn, as in 
tig. 35, on which can be marked the R.P., 
and the axes drawn as shown by the aid of 
:i 30° set square. Along these axes the main 
tlimensions of the solid are measured, and 
the view completed by drawing lines parallel fik sh 

to the respective axes. 

Objects which are not rectangular in form must have an imaginary 
rectangular framework constructed about them, in order that the necessary 




• • Fig. 3e» , * fig. S7 


dimensions may be determined in the isometric view. It must bo clearly 
borne iw mhid that all dimensions m<ist bb measured either on* the axes or 
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on lines parallel to the axes. This will be readily understood by reference 
to the examples which follow. 



planes of projection. Fig. 37, which is an orthographic projection of the 
solid so placed, shows that each view is an isometric projection. 



, Fig. 38 shows the orthc^aphic projections o|. a rectangular solid, and 
fig. 39 its isometric projectiona ^ 

F%. 40 is a. portion of th? first exercise in orthographic projection, and 
fig. 41 its isometric projection. ... 
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Fig. 42 is the orthogra¬ 
phic projection of the work 
' in Course I, Exercise II 
•(p. 246), whilst fig. 43 is 
its Monietric projection* and 
shows the method to em¬ 
ploy when dealing with 
the removal of comers. 

Figs. 44 and 45 afford 
a further example in treat¬ 
ing of objects the comers of 
which have been removed. 

Fig. 46 is the ortho- 
graphicfprojection of one end 
of the keyboard, and fig. 47 
its isometric projection. Such 
an example must be treated 
as if it were rectangular, then 
the corners removed, finally 
placing on the chamfer lines. 

Note.— In the foregoing 
exercises tfce holes have not 
been taken into consideration; 
l)eing small, they do not lend 
themselves so readily for 
teaching the principles in¬ 
volved as do the succeeding 
exercises. 

Fig& 48 and 49 indica^ 
the method of treating pris- 
matjg and <^lio|dricai bodies. 
In order to'*obtain the iso- 
raetriOview of the circle it 
must be enclosed in a square 
and»Uie *diagonal8 and dia¬ 
meters drasvn. * Through thes 
point of intersection made by 
the dia^nals and the circle 


Fig. 4i 



Fig. 43 



Fig. 44 
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■ parallel to the side of the 

.9qiH|^;'^UH when the square and other 
' '■liii6a‘;»0 drawn in isometric projection 
\ curve are determined, 

f Jhe projection of the circle can bo 
traced through these points. 

Note.—T he isometric projection of 
a circle is an ellipse. 


rig. M 



Fig. <8 


rig. a 

















(0 510 ) 
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Figa 50 and 51 show the method 
of dealing with curved surfacea a, b, 
c, d, e, f, g in fig. 50 are ordinatea 
These are drawn in the same relative 
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position in the isometric view, and 
the lengths of each transferred from 
the orthographic projection to tlie 
isometric projection and the curve 
traced througli the pointa 

Figs. 62 and 53 are further ex¬ 
amples of the use of ordinates. 

Figs. 54 and 55 show the method 
of treating the trefoil in 52-63. 

Fig. ‘Sfi* represents the isometric 
projection of the end of the roller 
shown in fig. 57. Though complicated 
in appearance ail the prini^j^es in¬ 
volved have ^ready been dealt with. 
When dealing with such an«xer<»8e it 
is advj^bie to first proceed wi^ the 
rectangi^ar frame forming the bock, 
afterwa^s adding details of the sup¬ 
port and roller. 
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CHAPTER VI * 

’(jrowth of Trees 

• 

ifoTE.—The subject has been treated after the manner of "Notes,of 
a Le*»n with Blackboard Summai’y”. This method has been adopted to 
give sofne idea of the method of* treating the subject, and teachers will 
select only so much of the matter and blackboard summary as will serve 
for any ot^ lesson* This* note also a^ppli^ to following chapters, dealing 
with: ^Seasoning; Shrinkage; Transverse Section of a Tree; CheSnical 
Structure, &c. ^ * 

Befofe \^e can thoroughly luiderstand the nature of the wo<xl obtained 
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from trees it is necessftry that we should know something' about the 

Parts of Growing Trees. —Yon ue all familiar with grow¬ 
ing trees. Can you name the different parts 1 These will 
be given in varying order but can Ijo arranged as follows: 
(n) rooSi (6) stem, (c) branches, (d) leaves, (e) flowers, (/) 
fruit. 

Let us Sturt from the fruit, and let us take an acorn for 
oitr example. • 

Germination. —[Exhibit an acorn.] What kind of tree 
yields acorne? If this acorn were placed in tlje ground,'amder 
favourable conditions, what do you expect would happen 1 
What do you think (this seed needs to enable it ft,’growl 
Soil, water, warmth." Having planted it, what wftjild you 
expect to find after a few days or weeks! Where does the 
little slioot come from! Let us open this acorn and see what 
it contains. • ' ^ ‘ 

Note.—I f the ocom* be so^ed for a time in water, and germination 
started, it will aid the lesson. 


process of growth. 
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Embryo Root and Leaves. —Notice tliat the seed splits into halves 
Point to enibryo leaves and root. Explain-. What they are; what they 
will develop into; where they get their food supply fi-oni. 

Vw of Cotyledon*.— The seed lobes, “ dicotyledons ”, contain the neces¬ 
sary food material to enable the plant under favourable conditions to throw up its 
leaf shoot and throw down its rootlets (fig. 61, A and B). Having done this, the 
seed lobes are of no further use, and each part of the miniature tree performs its 
own duty. 

Here, then, is a young oak tree. What a tiny mite! Is it possible that it can 
ever become the “ Monarch of the Forest ”, as oak trees are often culled ? Let us 



Fig eo • Fig. «l Fig 62 


try to find out how this happens. [Make the accompanying sketches (figs. 61, 62) 
on the blackboard.] * 

Root* and their Function*. —E.\aniine the sketch on the blacklioard. What is 
the name of the part which is’.buricd in the ground? What is the upright part B 
called? What is C? Whal happens to the plants in»yonr garden if no rain falls 
and you forgot to water them? What do ytin do? Will it do to place the water 
at ormear the foot, and not over the top? Whht happens to the leaves when you 
water^he roots? How does the water get from the roots to the leaves? You have 
many •%es pulled up a* growing plaijt, and no "doubt you have noticed how the 
roots hove spread out. Why do they spread so far? Do ygu think the plant 
could, live*on water alone? When you wish to malm a plant thrive, what do you 
do to the soil? ‘Whfit do fcmjers do to their fields? Why? But how can the 
manure get from the soil into the tree? * ' , 

Root Food in Solnhlo Fom. —What happens to sugar if you pour water upon 
it? Weljj instead of saying it melts, we saysthat it dissolves. When we have 
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made such a augary syrup we say that the sugar is in a soluble form. Now this 
is the form in which plants take most of their food. The water which falls as 
rain, or is poured on the earth, passes down, and as it does so “dissolves” various 
mineral substances which are present in the earth. This mixture forms the food 
of the tree. The roots take in this “ liquid food ”, and it is passed from the ijK)ts 
up the stem and out to the leaves. 

AMending Sap ohanget iti Form. —Though the roots have taken in this “food 
material ”, it is not yet ready for building up the wood of the tree. It is very 
much like the flour, butter, sugar, eggs, currants, «fcc., which your mother has 
in the larder ready for making a cake, but whilst in this form it is “not cake”. 
It has to be specially treated first. Let us find out how the food ingredients in 
the tree are treated. 

Evaporation from loavoa —The leaves, as you know, are exposed to the sun, 
and we have already observed what happens when no rain falls or the plants are 
not watered. What is taking placet Where is the water coming fromt What 
causes the water to flow up the tree? “Evaporation.” That is partly the reason; 
in later lessons it will be explained how the roots actually help by “forcfhg” the 
water up; and, further, it is yet a problem how the water passes to the top of the 
highest trees. You boys might try to discover the reason and so become famous. 

Leaves Breathe. —Notice what happens when this leaf is placed in water. 
Where did those bubbles of air come from? Now, strange as it seems, these 
leaves “breathe” very much as wo do. There are small openings in the leaves 
which serve as mouths, and they take in air. 

Carbon extracted from the Air. —A substance, called carbon, is extracted from 
this air, which mixes with the other food material that has risen from the roots. 
Owing to the influence of the sun the whole mixture is now converted into suitable 
food for the plant. Just as when mother has mixed all the ingredients and baked 
the cake it is ready to be eaten. 

Carbon InMlnble in Water. —Carbon is not soluble in water, hence none passes 
to the tree by means of the roots. All the carbon the tree requires it must obtain 
from the atmosphere by means of the leaves. You will be surprised to learn that 
pntctically the whole of the solid part of a tree consists of carbon. 

Experiment .—A very useful experiment can here be carried out, should 
.time permit. If not, prepare it beforehand aed ^briefly explain how you 
obtained the specimen. 

Take two pieces of wood of .uniform size, weigh them, and note weights. 
TItoronghly dry one, weigh again, and note decrease due to loss of water. 
Place diy piece in a retort, and drive off all gases and reduce spec|^if)en to 
carbon, Weigh again, and note loss due to decompdaition, loss , of gases 
and essential oils, &c. „ „ „ * 

Compare weight and bulk of carbon with previous specimen. If this 
experiment is carefully jmrformed, and the distillate collected as the ex¬ 
periment proceeds, the three sU-ges can be preserved in bottles, (a) a 
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' piece of wood; (b) the water and ensential oils; (c) the residue, mainly 
carbon. 

Siitribntion of Prepared Food. —Most of the water which served the purpose 
*of dissolving the mineral substances in the earth, and carrying them up the tree, 
now’evaporates, and thrf food is ready for distribution to build up the body of the 
tree. But how is this donel The changes which take place do so mainly in the 
upper surface of each leaf, the part upon which the sun shines. The food material 
then passes to the under side of the leaf, travels along certain channels down the 
leaf stalk, down the branches and stems, passing to all parts, including the roots, 
feeding the tree in its course and enabling it to grow. 

Cambium Layer. —But whore is it growing; docs it merely become taller? Docs 
it not also become bigger? How is this? Let us examine this little branch. Scrape 
away some of the bark. Do you notice this slimy layer? Well, that is what we 
will call “the growing layer”; its real name is “camnium layer”; it is composed 
of living cells v^ich, when growth is active, are constantly splitting up and forming 
more cells, some of which are added to the woody inner parts of the tree, and 
some to the outer parts, which most of you know as the bark. You will see that 
this growing layer is situated between the “ wood ” and the “ bark ”. 

Bast Fibres. —How is the food to reach this layer? The food travels to all 
parts of the tree by means of a layer of “ fibres ” composing the inner parts of the 
bark, called the “bast fibres”. 

Period of Growth. —Are leaves always to be found on the tree? When do 
they begin to burst out? When do they drop off? Do you think that growth is 
actively taking place when there are no leaves on the tree? Is the tree “dead" 
just because there are no leaves on it? What is the tree doing during this leafless 
period? Wbat do you suppose will have hapiiencd to the tree during the period 
between the time when the leaves first formed and when they faded and dropped 
off? Yes, every part of our tree has been covered with a layer of wood. Vt'nat 
will happen to the tree during the next season’s growth? Hence you see, year by 
year, a new layer of wood is formed over every part of the tree. The tree grows 
taller, the branches become longer and bigger, and the roots also become larger 
and spread farther under the soil. 

Atbent of Sap, —We have followeii the path of the returning sap, but we have 
not yet found out which port of the tree it rises through. You have cut a young 
branch from a tree. Was fhcswood dry? Whore did the water come from which 
was in the branch? Where was it going? Well, that illustrates what is taking 
place^in the mam body of the tree. The ‘'sap^” rises up through the wood com¬ 
posing the main trunk of the tree, and returns, 'as we have already seen, by means 
of th^^iner layer of baj-k. 

Bapvood and Hoartwood. —Here ^ a sectioA of a much older tree; you will 
notice thi^ there is a difference in colour between the inner and the outer part of 
the trem. You do not understand this. When the tree is young th^ sap rises 
through the whcAe of* the wdodacomposing the stem, but as the tree becomes older 
and larger, the sap rises maipjy through tne outer portion of the sten^, this lighter 
part in our'specimen, hence this outer part is called ithe “sapwood”, whilst the 
inner pa^t, farming the heart, is called the “beartwood”. If you test them with ' 



scores 


66 SCIENTIFIC PRINCIPLES 

your finger nail you will discover something. AVhat is itl Why tbo change! Let 
ns find out. 

Heartwood and Supjportiag Colnmn.— Do you often hear of trees being blown 
down when the wind blows? Von have been out in a wind storm and know that 

it is difficult to keep your feet; now think of some of the largo trees you lt»ow 

of. Why are they not blown down! Why are they not broken off? Yes, it is 
because they are strong, and nature has so beautifully arranged their method 
of growth that they get the greatest amount of strength just where they arc 

most likely to break. Where is this? What is the size of the stem at the top? 

Now this central column of “ heartwood ” servos merely to strengthen the tree 
and enable it to carry the huge head of foliage which wo all so much love to see, 
anil which is nccossukry to enable it to provide enough material to supply all its 
many parts. 

Heartwood not Essential to Orowth. —Would the tree die if the hcartwoorl 
were destroyed? Have you never seen a “hollow tree” which is continuing to 
grow! What is likely to happen to such a tree when the wind storms come? You 
protrably have hear<l a person say, when speaking of a tree that has beeii blown 
down: “It was rotten at the heart”. Why is this? 

Period of Life. —Trees, like human beings, have a definite period of life, and 
when they have reaehed a certain age they liegin to faile and die. They may take 
years to die. 

The cambium becomes loss active, the heart commences to decay, and the tree 
is likely to bo attacked by many diseases, just ns human lieings arc. 

Time for Felling. —If the tree is to be used for commercial purposes it must 
bo cut down as it is reaching its prime, and before it commences to decay. 

Some trees are fully grown in fifty ycai-s, otheie in a hundrcil, whilst some go 
on for many hundreds, as is the case with our Monarch of the Forest—the Oak. 


BLACKBOARD SUMMARY 

GROWTH OF TREES 

Parts ef Tree. —Root. Stem. Branches. Leaves. Flowers. Fruit. 

Qermination. — Warmth and moisture cause seeds to throw out tiny roots and 
.growing buds. (Roots: Radicles. Bud = Plumule.), 

CotylMons. —The seed lolies ■ (Dicotyledons = two lobes) contain food supply for 
germinating root and stem. ^ 

Fogotion of Soots. —Gather necessary foml for the tree. Food in a liquid form. 

The Leaves. —'Sap rises to the leaves. Sun causes evaporation. Abqqrb air. 
Extract carbon from air. Chemical chKnges take place. Sap elements con¬ 
verted into food for the tree. Main bulk of tree consists of carbon. 
Distribution of Prepared Food. —Returns from leaves to twigs and branches) passes 
to stem and roots, supplying all p^ts with fitod.' 

Cambium Layer. —I.^yer of living cells immediately^lienenth bark. Cells split up 
and form wood cells and bark cella 
Bast Fibres.:—Fibres comprising portion of inner bark. Sap carriers. 
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Period of Growth. —Commences in Sf^ing. Most active during Summer. Activity 
ceases in Autumn, lyintn a period of rest. 

Afcending Sap. —Rises through the “Sapwood ” = outer part of tree. 

•Bapwood and Hoartwood. —Sapwood = outer portion—fairly soft. Heartwood = 
•inner portion—harder than sapwood. 

Heartwood. —Supports tree in soil. Supports heavy load of branches and foliage. 
Period of life.— ^ Varies in different trees. 

Pelling.—If required for commercial purposes they must be cut as they arrive at 
maturity. 


CHAPTER VII 

. The Transverse Section of a Tree 

Required fm' Vie. Lesson. —Tran.Hver.so .section of oak. 

The Transverse Cut. —Exhibit a transvewe section of a tree to the class— 
preferably one in which the characteristic parts ore clearly delined, as in oak 
and pine. Question concerning kind of material. From what i.s wood 
obtaine<i? How has the tree been cut in order to yield a. piece like this? 
(refeiTing to transvei-se section). Such a cut i.s callerl a “transverse" cut. 
Explain the meaning of the word “ transverse ". Let us examine this .section 
carefully, nfid as we proceed endeavour to find and name the various parts. 

Aimaal Ringi.—Probably all of you have seen and examined the stump of a 
tree after the tree has I)een cut down. Most of you have endeavoured to count 
the marks which you saw on the cut jwrtion in order to find out something about 
the tree. AVhat did you count? What did you endeavour to find out by counting 
those rings? If yon can tell the ago of a tree by ^counting the rings, what does 
each ring represent with regard to the growth of the tree? What do wo call 
events which take place regularly every year, such as sports, &c. ? Seeing that 
these rings are formed re^ilatly every year, what can they bo called? “Annual 
rings.” Are these rings true circles? Exa^nino thdln closely; arc they of uni¬ 
form ^hickness ? At which part of the tree ate the rings thickest? Where are 
the thin rings situated? , 

CuMn) of Visibility qf Bi^i.—How is it that the rings can be seen at all? 
Can you*see any rings on this? [HeSd up a clean sheet of white paper. Make 
some r!hg| on it with a piece of chalk.! Can you see these ritms clearly? Why? 
Suppflsff rings were djjswn oj the blackWrd with [Kncil; woula they be distinct k 
Why? Nomj probably you can explain why it is that the annual rings on a trans¬ 
verse section are so distinct. • • 

Composition of Rings. —Examine the individual riilte more minutely’. Is the 
substance of *ny particular ring uniform in cdlour? How does the portion of a 
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ring which ia nearest the centre of a tree differ from the outer portion of the 
ring) Look still more closely at this piece. Can you see these small boles) In 
which portion of the ring are they situated) What are such small holes called) 
Refer to other substances which are porous, i.e. sponge, bread, chalk. Test each 
part of the ring with your finger nail in order to discover which is the harder 
portion. What have you discovered) Where is the softer portion of each ring 
situated) We have now discovered three points of difference between the inner 
and the outer portion of each ring. Name these points. “Lighter, in colour, 
more porous, much softer.” 

Spring and Antomn Wood. —At which period of the year do we find the trees 
budding forth and commencing to grow) When did the tree commence to form 
the inner portion of each of these annual rinra) [Explain.] In consequence of 
this the inner portion of each ring is called Uie “ springwood ”. When do the 
trees lose their leaves and cease growing for the year) What might the outer 
portion of each ring be called) “ Autumnwood.” 

Heartwood and Sapwood. —Examine the colour of the whole surface as a mass. 
What do you notice) Where is the darkest portion situated) Which' do you 
think is the older portion of the tree, the dark or the light portion) Test each 
portion in a manner similar to that in which you tested the parts of the annual 
rings. What have you discovered) Where is the harder portion situated) Pour 
a little water over each part, and observe what happens. Where has the water 
gone) Which part absorbed the water most quickly) Can you explain why this 
is) “More porous and softer.” [Exphiin: The inner portion is called the “h^rt- 
wood ” whilst the outer portion is called the “ sapwood ’.] Which do you consider 
to be the lietter portion of a tree from a commercial point of view) Why) What 
objection do you see to the use of the sapwood for constructional purposes) 

Bark and iu Ul«. —You are all familiar with the name of this •rough outer 
portion which surrounds the section. What is it called) We will endeavour to 
find a use for it. Where is the living growing portion of a tree) What name 
did we give to this layer in a previous lesson) What wo^ild happen to this layer 
during frosty weather if it wore unprotected) Can you thiiiic of any other 
sources of danger to this layer) Lead up to attack by insects and cattle. Can 
you now suggest one use fonthe bark) Did we not also discover in a previous 
lesson that the elaborated sap passed from the leaves to all parts of the tree by 
means of the “bast fibres” forming part of the bark. You see, therefore, the bark 
plays another important part.,^ [Describe the services' rendered by the bark of trees.] 

Growth of Bark. —When the tree *rom which this section was cut was no thicker 
than a pencil it was covered with bark. You can observe that it is still severed 
with bark. How does the bark grow in order to keep pace with the growth of the 
tree) Where must the growing portion of >the bark be situated) Hence'you see 
that the cambium layer, whilst it adds a layjr of wood to the tree, is also 'Mding a 
new layer of bark.' How is it that we cannot find as many layers of bark “ w® have 
discovered annua) rings) Notice the rough bark, and bow easi'y layeis split off. 

Medullary Rays. —There is something which we have not yet mentioned, 
’ viz. if the'specimen is one of dak, or one in which the " m^uUaiy i-ays” 



SEASONING TIMBER 


59 


scores 


' are visible. Call attention of class to the lines radiating from the centre to 
the bark. If a young stem of a plant be cut through, what do you find 
occupying the middle portion ? 

* Explain: "Pith or.Medulla”. 

ITie reason for the pith being leas prominent in larger sections is that 
the wood as it develops exerts an enormous pressure on the pith, and in 
many cases squeezes it out of existence, so that only a point is visible. If 
the pressure be not so great, the pith, though much compressed, still remains 
visible. Show examples, i.e. boxwood, nil.; pine, a little. The lines run 
(radiate) from the pith outwai-ds in all directions. What do we call the raya 
of light which radiate from the sun? What can we call the.se lines (ra3's) 
which radiate from the “medulla or pith”? “Medullary rays.” 


Annual Bingi: 


BLACKBOARD NOTES 


(a) Sfringwood .—Inner part of ring—Light in 
colour—porous—soft. 

(h) Avtummeood .—Outer part of ring—Darker 
in colour—dense—hard. 

Sapwood. —Light outer portion of tree—Soft—porous 
—inferior. 

Heartwood.— Dark inner portion—the part user! for 
commercial purposes. 

Bark.- Surrounds tree—Protects cambium layer— 
Distributes food to tree. 

Medullary Rays. —Appear as lines radiating from 
centre. 

Pith or Medulla. —Small speck at or near the centre . 



CHAPTER VIII 
Seasonihg Tirfiber 

Btq\iired fo% thej^saon ,—A few laths of wood. 

wowing Treo contains Sag. —[Refer to trees growing vigorously and covered 
with leaveaTj What happens if you cut twigs from such frees and do not put the cut 
end in w^rl. Why does it wither t Why do nht all the leaves on a trfie wither on 
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a hot (liiy I Where rliwe Iho tree uhtuiii the iiioietiii e which iireveiitti the foliage from 
witheiiiig'l How (iiaia the inoiatiire inuis fi'oiii the earth to the leaveal What ia this 
moisture in the tree calleill “Sap.” You already know that the sap rises up through 
that portion of the tree which we have called the sapwood. , 

Condition of Wood when Cut —Suppose a tree is fcJlod for the purpose of 
cutting it into planks fur constructional purposes. What would be the condition 
of the woodi “Wet” or “<lainp’’. 

ETaMrntion or Shrinkage. —You are very fonil of “juicy apples” and “juicy 
oranges . What would hap])en to your apple or orange if you happeiie<l to place 
it away on a shelf for a consideraluo time? What hap|)ens to a piece of hrciul if 
left csisHed for a considerable time I “Becomes <lry.” Will the auple, oinngc, or 
piece of lireail rcUun its full size? What happens to it? What no we say of a 
thing which liecomes smaller in this manner? “It shiinks.” What is it reasonable 
to s^iwse will happen to the phtnks of wood cut from trees which contain moisture? 

Heceuity for MMonin^. —Suppose a plank of wood hart l>een cut from a tree, 
and ivhilst in a wot condition was used to make some piece of framing, i.c. a dour. 
What would hap|Mn to all the parts of the door? What would happen to tlfe joints? 
Would you consider such a door a good one? What must first bo done to all 
timber before it can safely lie used for constructional pur|)ose8? [Explain that this 
prtM'css of drying is called “seasoning”.] What is really being dncil out of llie 
wissi whilst it is Iteiiig seasoned? “Hap.’ W'e may, therefore, define “seasoning” 
as a priM-ess by means of which the sap is romovml fnun the wiasl. 

Different Methods of Seasoning. — Prolrably you are able to doacrilio 
varioUH ways by which we could dry this sap out of tiinlsu'. How arc clothes 
ilried on washing day ? What actually causes them to dry when jdaced in the 
o[)en? Would they dry if it were a damp day ? What is the condition 
of the atmosphere on such days? How are the clothes dried on such days 

as these? What is the difference between the two methods? E.xplain 

'• natural" in the case of drying in the open air; " artificial ” in the case 

of drying by the fire or similar means. E.xplain that similar incthorls are 

adopted for drying timlier, i.e. "seasoning". 

Natural Seasoning.— In most casi-s the plaukit m-o stacke<l in the open 
air ill such a mamier tli&t tlie i^mosplicre can get freely to all sides of 
the planks. These stacks may die under a roof, or if not under a roof the 
ujjpermost planks are laid in a sloping position, arid arc generally somewhat 
longer than the pieces composihg the st^k. What iS tlie object of ^lo roof 
or sloping plankn? What method of drying would you call thjs?' How 
•can the pieces bo laid so that the atmosphere <;an get at gill sides' ol the 
planji? Call upon a .scholar to lay the laths of wood in similar position; 
if unable to do so, the k'acher shonhl stack thS laths in order to illustrate 
the method. Refer to .stacks of timber in local timber yards., ^ 
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Artlfloiftl Seasoning'. —SuppoKu we wish to dry the timber very quickly, 
will it do to place it out in the open air? Why not? Can you suggest a 
•inethod of drying it more quickly? 

Refer again to the drying of clothes on a wet day. What kind of i-ooin or 
building would be necessary in which to stack the timber? How can such 
a I'Oom be heated? How are larger halls and public buildings usually heaU'd? 
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Do y^u think it Ixittcr to have an open (ifcplace or steam pi|M‘S ranged round 
the walls? Which methotl will la; most likely to keep the leiiqHuature upi- 
forin Which nipthod»will best distribute tlie heat throughout the loom or 
chamber? Which would constituti? the Ixwt method of heating a room in 
whidi a l()t of timber was stackeil for the purpose of drying? Call attention 
to the necessity*for constant uttenlioii ig the case of open fires, and the wash* 
of heat attending such a methial. Will articles dry in a loom which is moist 
with steam? Will any moisture be given ot^froin timber as it is ^ing dried? 
What arrangements must be m^e for getting rid of this moisture? Call 
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attention to necessity for ventilating such a chamber. What would you call 
such a inetho<l of drying timber—natural or artiflcial? Which process dries 
the timber more ipiickly? • 

Comparison. —Which do you consider the more expensive methorl? 'Ex¬ 
plain that the natural methisi is adopted for st^asoning thick limUtr, and 
timl>cr which is to be applie<I to more common purposes, such as building, &c. 
'I’he artiticial iiicth(sl, which is called “ hot-air process ” is usually applied 
to special wooil and thin boards which are intended to Ire used for special 
pnrpoa<M, such os furniture, office fittings, and the more important portions 
of the interior of first-class buildings. 


BLACKBOARD NOTES 
SEASONINO TIMBER 

Rsasoni for. —To dry out the sap 

Sap. Moisture ”—Evaporates. 

Two methods of doing so:— 

(a) Natural. 

(t) Artificial. 

Hatural. -Timber stacked in open air—So arranged that air can circulate freely 
round each plank--Protected from rain by roof or sloping planks—Takes a long 
time—Cheap—Adopted for timber to I>e used for ordinary purposes. 

Artificial. -Timber stacked in special chambers heated by steam pipes — Vcnli- 
latcii to allow moisture to pass away — Much quickel'—More costly—Applied 
to timber to be used for spmial purposes. 

Other Xetheds.—Running stream—Hot water—Smoke drying. 


CHAPTER IX 

Shrinkage of Timber 

. /featured for the Lesson.— 

* Tran verse section of oak or beech. 

Tranverae section'of pine or poplar. 

Sections of timber variously cut. 
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We have seen that wlien timber dries it shrinks. It is necessary now 
■ to consider how this shrinkage affects the plank. 

• Examination of Transvepse Section.—AV/tiWt tmmveme aevHon of a 
tree* preferably one split through shrinkage. 

What is the shape of this section 1 Call upon a scholar to |K)int out its natural 
centre. What have we called that parti “Pith.” What are these marks called? 
[Teacher pointing to “annual rings .] What has caused this "sjdit”? Where is 
the timber that originally filled this opening (split)? Why did not the ciicuniference 
approach the centre uniformly, thus preventing splitting? 

Season of Splitting. —The cause of splitting is a difficult question and we will 
try to discover the reason. 

Most of you have placed a biscuit in your tea and noticed that it Ijocamc swollen 
in all directiona The diameter became greater. Suppose you were to dry the 
biscuit i^dn, would it split as this piece of wood has done? No, it would nut split, 
beciinse all the component parts of the biscuit are free to move towards the centre, 
and, the biscuit being thin, all parts dry at a tiniform rate. Pixamine this pits'S 
of wood to see if you can discover anything likely to keep the outer rim from 
approaching the centre? What are those lino-like markings called to which yott 
are pointing? “Medullary rays.” You have already had explained that these are 
layers of cells arranged in a direction at right angles to the cells and fibres cotn|X>sing 
the general mass of the wood. You will notice that the medullary rays are arranged 
like spokes in a wheel. AVhat purpose do the spokes in a wheel serve? Can the 
outer part of the log approach the centre when these medullary lays are present? 
Do you suppose their presence will prevent the moisture evaporating? Shrinkage 
must take place, and the rim is prevented from approaching the centre—What must 
happen? This is known as “tangential shrinkage . 

Erperiinent.—lt will serve as a good illustration to take a cylinder of 
wood and stretch a rubber ring round it; cut through the ring and the 
scholars will see how the ring contracts in « circiiniferential direction, 
whereas, if the diameter of the atretched ring be compared with this ring 
in its normal condition ij Mfill be seen that the shrinkage has taken place 
in a radial direction. ^ * 

Tlngential Shrinkage. —You will now understand that the shrinkage takes place 
at right angles to the medullary rays, this is called “ tangential shrinkage”. * 

SMtilary Bays AbsSnt. —Suppose *no medullary rays happen to oc present in 
the logs low do you suppose it will shnnk ? Yeis you would expect it to approach 
the centre*without splitting, but we must examine Hhis more in detail. What is 
the condition of'the log whbn put? Which part of the log is likely to contain* 
most nioistiA-e? Where is tl|e sapwood situated? Which will shrink mos^ the 
hcartwood or sapwood? Why is this? • 

If a log be laid in the open air, as for “Natussl .Seasoning” (see page 60), which 
portion ildikely to dry first? Will the inside or heart of the log be likely to dry 
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Hi the sumo rate? Hence the outside is shrinking whibt the inside r«lUaiB%‘Iul) 
size. What must take place then? What would tend to prevent this splitting? 
“Slow drying." 

Planes of Cleavage. —We have seen that, whether tb^ medullary rays Be present 
or not --unless something bo done- splitting is sure to take place. Can we* say 



where it will split? This will depend on the drying and the weak places—“planes of 
cleavage” —in the log. What direction will the splitting take? Yes, it wul follow 
the direction of the fibres, and if these be arrange in a spiral manner, as they arc 
in many trees, it is easy to see that the “ split’’^will take a spiral turn round the 
lug. How will this aft'ect the planks when the log 
is cut up? 

Treatment of Log. - Can you suggest a method of 
treating the lug when it is known that sooner or later 
it has to be cut into planks? Yes, the log shoulil 
be cut up. Does this prevent the shrinkage? How 
will each plank shrink? 

Effeot of Shrinkage. —The teacher should make 
sketches showing different methods of cutting the log, 
and explain the effect of shrinkage in each case. 

In fig. 66 the cuts are all parallel to a diameter, 
and the effect of the shrinkage on each plank is in¬ 
dicated in fig..' 660. ' '' 

Does the niiddie plank become curved to’-tjie same 
extent as the outer planks ? Why is this 1 WJiii^h side 
of each plank is convex? Why is this? The specirien indicatcrl contains strong 
medullary rays. Suppose the log had contained no medullary rays, would the 
planks have curved to th() same extent? Can yiM explain why they would be 
teas curvrri I 

Btdiil Cnttiag. —Could the log be so cut as to enable all planks to remain 
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direclioti would nucb cuts have to bo madol Make a sketch of this 
as shown in fig. 66. 

These cuts arc called “radial cuts". Can all the “wedge-shaped pieces” bo 
used} VVhftt would you s^ of such a method of cutting timitcrl Though wasteful, 
if has often to be done fw timber to be used in better-class work, particularly 
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with oak, because in addition to preventing the planks twisting it shows the pretty 
(iguring “silver grain- medullary mys” to the gi-eatest extent. [Exhibit specimen 
if [tossible.] 

Companion of Section. —Make sketches of the ends of logs, as in fig. 67 , and call 
iHXHi a scholar to indicjito on them, by dottc<] lines, the cITect of shrinkage. 


Exhibit certain specinicn.s of wckxI, and .see it they conforni to this law. 
Examine the jack plnne.s; these afford valuable examples for the necessity 
of studying the i)articular arrangement of the grain with a vietv to ensuring 
“ rectangular” cxiMinsion and continetion. 


BLACKBOARD NOTES 

All timber shrinks while ilrying. # 

Circnmforcnco temls to appi'onch pith. 

Often prcvente<l by presence of medidlary rays. 

(ireatest amount of shrinkage taTn-s place in a tangenlial^ditcclion. 

Medidlary rays cause shrinkage to affect Kha()e |<f cut timber. 

If logsabe uncut they split with a V-shaiaxI o|)ening. 

Splits follow weakest lines of cleavage—often spiral. • 

when ftit parallel to diameter the piocea.curve, amkhave the convex surfaces toward) 
the.^th. • 

When cut in a “radial ” direction the medullary rays are jairallel to the surface, ami 
pfanlcs remaig fiat* • 

Radial eulting--\\’a8teful and expensive—Adopted for better-class work—itarticii- 
larly oak. • * 
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CHAPTER X 

Chemical Structure of Wood and Products fc^l^.ed^^^ 
by Chemical Changes and Decomposition 

Structure of Wood. —-A thorough analysU of the chemical etructurc of 
a piece of wood would carry ua far beyond the range of manual training, yet 
the aiihjoct muat not be allowed to pans unnoticed. 

Wo have seen that different kinds of wood vary in density. Is this due 
to varying chemical composition or arrangement of the constituent parts? 

Wo have sticn that trees increase in size by gi-owth at the extremities of 
all their parts and by the sub<iiviHion of certain cells (merismatic =*dividing 
by the formation of internal partitions), forming a layer over the whole of 
the w<x)dy portion of the tree (cambium layer), which layer is protected by 
the hark. We have further seen that the leaves of trees perforin a kind of 
breathing operation, thus taking in air, from which carlxm is extracted; also 
that the roots take in various minei’al substances in solution. 

The production of the actual food material is due to chemical changes 
whiirh take place in the leaves of the tree in the presence of light, air, and 
warmth. The various elements absorlied by the tree are in this way largely 
converted into glucose (a form of sugar) in the leaves, from which it is passed 
to all parts of the tree, and is there modihed for the purpose of building up 
the woody tissue. Tlie various functions observed arO all necessary to a com¬ 
plete [lerformanco of these chemical changes. 

The density, we shall lyie, is not affected by these chemical changes, but 
is due entirely to the particular arrangements of the component parts of the 
wood, i.c. cells, vessels, and fibres. 

It has been found by'experiment that the chief substances which plants 
need for building up their various tissues are as follows;— , 

• Carbon (C), oxygen (O), nitrogen (N), hydrogen (H), sulphur (S). These 
elements are essential for the development of protoplasm (protopUb^ a 
tranM{)arent substance apparently structureless, and similar in charact^er to the 
.white of an egg; it constitutes the basis of living matter in all plant'stml* 
tures) and the substance cellulose, of which practically the whole of the 
woody matter consists. .They are therefore known as the organic elementii.. 

(>t) Carbok forms one of the chief elements in the structure of wood, 
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^euttring: it does into the composition of every part of tlie woody tissuca 
If a piece of wood be burned in a closed vessel, watery vapour and gases are 
^ven off, and when these cease to be given off there remains a mass of black 
spbsteocHuiown as “ charcoal"—which is practically pure carbon. 

Experiment. —Taky^a piece of wood about 6 in. by 1 in. by 1 in., and note 
carefully its weight. Place it in a desiccating tube and expose the tube to 
the flame of a spirit lamp or gas jet, and when all the vapours and gases have 
been given off remove contents of tube and weigh again. Ojmpare weight 
after desiccation with former weight, and it will be found that the carbon 
weighs approximately one-half the weight of the piece of wood taken for 
the experiment. Repeat the experiment with various kinds of wtxxl, and it 
will be found that this ratio is fairly constant, thus establishing the fact that 
for all woody matter practically one-half by weight is carbon. 

(6) (Jx.yoEN.—The supply of oxygen is mainly derived from the water 
taken in by the plant (water consisting of a compound of two gases, hydro¬ 
gen 2 parts, and oxygen 1 part,—volume), also from the carlxaiic acid gas 
which is found as an impurity in the atmosphere, and which passes into the 
leaves during the breathing process. The gas is composed of carbon 1 part 
and oxygen 2 parts (CO.j). 

Further supplies of oxygen are obtained from the various metallic salts 
containing oxygen, during the chemical changes which lake place in these 
during their conversion into food elements for the tree. 

(o) Hydrogen. —This substance is obtained chiefly from the water in the 
plant, which we have seen has the composition: hydrogen 2 parts, oxygen 
1 jjart. Further supplies are obtained from the various metallic salts con¬ 
taining hydrogen, during the various chemical changes which take place. 

Experiment .—Take a de.siccating tube and place in it some chips of wood, 
or a piece as before mentioned; seal the open end with clay, through which 
the stem of a clay tobacc<j pipe passes to the interior. Now place the appa¬ 
ratus in the flame of a spirit lamp. Verj soon s'stream of watery vapour 
(steam) will be seen to issue from the open end of the stem. Place a lightexi 
match to this, and the light is quickly extinguished. Later it will be setfn 
that tUSjlc smoke issued from the st^. Again place a lighted match to the 
^n end,,and again it will be found that the flame is extinguished. The 
■Acapih^subetaqpc if^a mixture of steam and smoke. (Smoke =» unconsumed. 
particles of scarten.) When tlie thick *moke ceases to be given off, if the 
hand be plaeed near the opeh end it will be found.that a hot jet of gas is 
rushing ojlt of the pipe. Place the lighted miftch to this, and it at nnce lights 
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UJ1, tmrniiig with a laiglit Haiiif. Tliia burning .'nibstancc is chiefly Hydrogen* 
gas, but contains Hiimll ijuantitics of carbon, liencu the yeUowness of the 
flame. When tlio flame ct'ases it will Ims found that all escape from the tube 
has ceastsl; that is, all the volatile s\ibstances and gases have been driven ofl' 
from the wissi, and again nothing but ehaicoal (carbon) remains within the 
vessel. 

Noll'. —'I’his exjH.riment can Ixi iKuformeil with an ordinary clay pipe, but' 
the (lesiccating lub(. is Is'tter, as a larger volume of w<xsl can be treated. 

(</) St'M’IIUB.—This eh-nient is easential hi the formation of all proto¬ 
plasmic and albuminoid sulistnnres. It is deriveil from the various sulphates, 
which are salts of sulphuric acid, (Sulphuric acid = H.SOj.) A. form of lime 
impregnated with sulphur, ami known as gypsum, constitutes a valuable 
source of supjily ((talcium sulphate = (,’a.S(\). 

(c) NlTIKSiE.V. —This substance is essential to the formation of proCoplasmic 
and albuminoid b<xlies. It is deriveil from the various nitrah-s, which arc 
salts of nitric acid. (Nitric acid = HNO^.) Trees do not take in the nitrogen 
existing in an imcombined state in the atmosphere, but derive all their sup¬ 
plies from the various nitrogenous coinpound.s. 

(/) OriiEH Ei.emknts.—O ther elements are also found in very small 
ipiantities, and whilst the.so may be regarded as essential in oisler to enable 
the various chemical changes to take place, and the plant structure to 
|Hjrform its natural functions, the <|Uantities arc .so small that they will not 
1)0 separately treated here. They are as follows:— 

Mehtllic Klementv. —Iron (Fo). calcium (Ca), magnesium (Mg), potas¬ 
sium (K), sodium (Na). 

Non-mettiUiv Klementn. —!8ilicun (Si), phosphorus (P), chlorine (Cl). 

A chemical analysis of a piece of woo<I shows the approximate composition 
to bo ns follows:— 


('jirixjii ... 
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The ash contains the various metallic and other elements. ^ 
tn various specimens of wiksI it is found that these figures do not vary 
more than, approximately 1 per vent. Herrce it will be seen that the varyirrg 
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density of WOO<J is not due to vftiyinj( elieuiical coinjKisitioii, but owes its 
variableness In the arrun<{c‘inent of the wosly strtu'tuiv. 

• Experiment .— (<i) Take a piece of Aineriuin yellow pine or cedar, and float 
* it in Vater. It floats because, volume for volume, it is li;;bter than water. 

Next take a similar jiiece of wood and plane some very thin shavings 
from the end grain; dry these thoroughly (warm them) ami place them iu 
water. The water cpiickly hikes the place of the air, .some of which was 
expidled during the proce.ss of warming, and the shavings sink, showing at 
once that the aUsolute <leiisity t>f wood is gn'atiO' than that of water. 

(I>) Take a piece of charcoal and float it in water. I\'hy diws it floati 

Take a similar piece of charcoal and reduce it to an exceeilingly fine 
|K5wder, and mix it with .some water. If alloweil to stand it will be found 
that most of the jxwder sinks to the txdtom. V\'hy( What does this teach 
us? 

Having .stmlied the nature of the elements com|x)hing tiiidHT, let us now 
en(|uii-e into the nature of .some of the prislucts brought alsjut by decompo¬ 
sition, naturally or artificially performed. 

CbArcoal.—^This substance is the residue left after driving oH' all the 
watery and gaseous substances contaimsl in the wood. It plays an important 
I>art in the arts. It is ivi|)al)h‘ of producing very intense lieat when burned in 
conjunction with oxygen, and is used by goldsmiths. 

It is jiroduced in two ways. 

(«) By slow burning of stacks of tinds'i- whicb have Is'cn covered with 
turf in order to prevent access of air, oi'— 

(h) By a process of distillation, the timlx-r Ixdng plained iu large iron 
cylinilers txtneath which a tire is lighted. During; the process of distillation 
many by-prixiucts are yiehhsl. 

U.SE.S OK Charwial. —For refining sugar. Removes organic matter from 
water. Absorlis gases readily ; useful in sicki-oom or places where liad smells 
arise. In tlie manufacture of gunpowder. Usisl medicinally for many 

purposes. , . 

By-Products formed duringr Di%tillatlon.-;-Acetic lu-id. Woixl naphtha. 
Tar. DdHng the previous experiment, when testing for hydrogen, it was prob¬ 
ably notfcM that a brown vi.scid fluid dripjwd from, the stem of the pipe. Th 
substance is.kmfwn as “wofxl tar•conjmonly termed “Stockholm tar", b_, 
reason of the vast industry*carrieil on at Stockholm in the manufacture 
of tar from the pine trees. The name “Stockholm tar” is now applied to 
this subiftamfe no matter where the article is manufactured. Stoiskholm 
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tar in bi-own in colour and has a strong pungent o<lour. It is largely used 
for preserving «'o<s!, and by sailinakers for preserving canvas and ropes. 

Pine and Fir Trees. —These all yield a substance known as “ turpentine's 
It is collecttsl from the growing trees by making incisions in the bark and 
allowing the exuding sap to flow into a vessel. This crude materiaT' is 
distilled, and from it “spirits of turpentine” is obtained; the residue deft* 
after distillation is the orilinary resin of commerce. 

Canada Balsam is a turpentine from the Balm of Oilead Fir (Abies). 
It is slightly yellow, transparent, possesses an agreeable odour, and an acrid 
taste. Used for optical work, and for mounting microscopic specimens. 

Resins. —There are many ditferent kinds of resins, some of which are not 
obtained from the pines and firs. Many of the harder varieties are used 
in the manufacture of varnish, and some are used for mcslicinal .purposea 
The principal forms useil for these purposes are: Amber (mineraliz^ form), 
dragon’s blood, storax, scammony, jalap, gamboge, galbanum, lac, dammar, 
ma.Htic, copal, sandaroc. 

1)A.MMAR. — A form of resin yielded by the Amlxjyna Pine {Aijttlhia 
orifitltdla) found growing in the Malay Archii)eIago. 

Another siHHiies of this tree, the Kauri Pino {Agathia miatiidia) yields 
an inferior variety of dammar. The Kauri Pine is found in New Calami. 
Dammar is used in the manufacture of varnish. 

CoFAU—The name of several varieties of resin used in the manufacture of 
varnish. Found also in fossil form in Africa at a depth of .3 or 4 ft. below 
the surface. 

Walnut Treas. —The fruit yields an oil which is largely used on the Con¬ 
tinent by artists. It is also used as a food and for lighting purposes, and a 
dark-brown dye is obtained' from the husks. The sap yields a form of sugar. 

Oak Trees yield a substance known as gallic acid, the name being de¬ 
rived from the oak galls, which contribute the‘chief supply. This substance 
is used for medicinal purposes and in the manufacture of ink. 

, Maple Trees. —One variety of this tree (Acer m.tccharinvm) yields'a con¬ 
siderable quantity of sugar. The trees are tapped during the spring, when the 
.sap flows into the incision. The sap thus ol^ined is evaporated atjd sugar 
forms the residue. ■" > < 

* Euoalyptua Trees. —These trees,are iound..grbwing In Australia,‘and from 

their leaves a valuable oil is distilled. This oil is largely used for*tn»dlcinal 
purposes. ^ One variety of the tjee (Eucalyptus resinifera) yields a,gnm which 
also is used in the preparation of medicines. 



SCIENCE IN MANUAL TRAINING -« 


71 


ff^OTSS 


Bouwood (Dalberyia nigra ).—This tree yields sii oil which has a fra¬ 
grant odour. It is known as “ oil of Khodiuin." The odour is that of sandal¬ 
wood and roses n)ixed, and has peculiar {mwers of attracting certain animals 
' —horses and I'ats. 

v^aniphor.—This substance is obtainetl from the Camphor ti'ee ((U'nna- 
jjinomuni Catn/i/iora) found growing in Japan, Chinn, and Forimisa. 'riiis 
tree also grows exceedingly well in South Afiica. 

The wood is placed in veasida containing water, and covered with straw 
matting. The water is grmlunlly heated, and the N-olatilixed camphor con¬ 
denses on the straw matting in the form of cry.stulline masses. 'I’he masses 
are afterwards puritiod and the camphor of commerce is pi-oduced. 

The various jn-oducts formed by plant slrtieture are due to chemical 
changes.or decomposition of the cellulose forming the cell walls. 


CIIAPTEII XI 

Science in Manual Training 

Coiwcioasly or unconsciously all the exercises which the scholni'S perform 
in the inanuai-trainiug classrooms bristle with scientitic problems. Many of 
the problems are worked through ijuite unconsciously, and results arrived 
at without a knowledg<» of the laws which enable such pi-ohlems to bo solved. 
.Scientific statements are made and facts expressed without stopping to investi¬ 
gate the truth of such statements or examine such facts. 

As already explained, the main aim of the m&nual-training lessons is not 
alone the pr^uctiou of a number of well-executed models, and the acquire¬ 
ment of so much manual •dekterity, but the fact must be borne in mind that 
it is a " complete ” man which is being developed. A man capable of right 
thou^t, a man capable of "thought-directed" action. Models may be 
beautilwlly executed, tlje producer may posse^ wonderful skill or dexterity 
of handf yet it is possible that snch models and such dexterity have not 
called j(jtth that mental effort, that thought-direfte<l action^ which it should 
be the aim of the Mkcher *o ifistil. This can be done only by "pointing the* 
way ", by leading the schola(S step by step to think and reason before taking 
definite action. Every line placed on the wood, evety cut ma<le with saw or 
chisel, oveii^blow with hammer or mallet must be thought-directfd. The 



scores 


72 


SCIENTIFIC PRINCIPLES 


<|iiosli<)iiH: Wliat is tliis? Why is this? Wliat caused tliat? What is likely' 
to ha|>|H‘ii if . . . &c., should'bo ever to the front duriii}^ the lessons. 

It is only in this way that manual training comes to serve its true em^ 
which is to aid in the development of the true man—a man capab]e of , 
right thought, a man capable of right action, a man capable of thinj^g and 
giving concrete expression to his thoughts. 

It would not be jxwwible to deal with all the problems which ari.so during 
(he manual-training lessons, but an endeavour will be made briefly to suggest 
a few to which teachers might give attention, supplementing the.se for them¬ 
selves as occasions arise. 

As .s(x)n as the scholar enters the classroom he is given a piece of wood; he 
is told to “ measure ’’ it, to “ test its weight ”, and, later, to exei t “ force" on the 
.s<vw or chisel in order to produce “ work ”. 

Now, what is the piece of wood? What do we mean by “ measure*? What 
is understoo»l by “ weight ’’ ? What is " force ” ? What is “ work ” ? 

Hattar. —In nature wo fitul many substances which can l>o seen am) haruilecl, 
which can bo tasted* or which can be smelt* or which* by means of our senses* 
we know to exist. Such substances may exist in one of three forms, or may partake 
of the nature of all three* i.e.: 

Kore is a piece of stone, a piece of iron, a piece of woo<l; these wo call “solid * 
substances. 

tfere is some water* some oil; these we call “litiuid’* substances. 

You can feel the wind blowing ui)on you thougn you can neither see nor smell it. 

You know that we can light our rooms by means of a substance which passes along 
a pipe, and which* when the Up is turne<l on, we carv smell ami light. These 
subsUnces are gases. 

Hence wo see that sulmtancos exist in various forms as: Solids* liquifls, giuses. 

Alt such subsUnces whicl) can thus l>e detecte<) by the senses are Known as 
“matter’*. We can now say that our piece of wood is a “piece of matter". All 
wood can be seen and handled* therefore all wood is matter. 

You will see that this piece of wood Ukes uj> a cerUin amount of room. This 
water fills the jar. The ^as, wo knoYi fills the pipe. The room* we know* is full of 
air. We can place the piece of wootl in any position* and it neither alters iu shape 
npr does it occupy more space. This thou is known as a solid body, and we have 
ways and moans of finding the amount of space (eofumc) w^ich such a body /)ecupies. 

The water* as we have seen, fills the jar'* but we cannot place the water alone 
ill any position as we did the piece of wood. You knew what would, hippen if 
,we trioJ. Hence we see that whilst we can find ^nt hoi^ much space *^v&)unie) 
a given quantity of water occupies, iu form is aiways changing^accqrding to the 
natuve of the vessel containing it. We can form an enormously high column, pro< 
vided we put sufficient into*la tube; hut it must have the tubing to keep it in position. 

We can cover a very large area, pNivided it he poured out on a smooth fiat surface. * 
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^ Hence liquids, whilst they have a definite volume, have no definite slmpe, hut take the 
sham of the vessels which contain them. 

What of thS gas in the pipoJ Turn on the Uip for a few seconds and you will 
'quickly smell the gas in all j^rts of the room. \\ hy t Thu room is full of gas, we 
say.* How did it manage to nil the whole room 1 

Oaw differ from solids and liquids. A gas occupies no definite s|>iu'e (volume), 
but will spread itself equally throughout the whole apace in which it is, no matter 
how small the quantity. It certainly takes the sha|)e of the vessel or room con. 
taining it, but spreads to all parts, and <locs not, like water, fill only the lower ijortion. 

Hence we see that gases have neither definite shape nor volume. 

Keatoremailt —Now we can measuie all substances, hut the lucthisl mlupled 
varies according to the nature of the particular material. Kvery country, too, adopts 
its own particular “standani”. In this country we now use the standards laid down 
hy other countries as well as our own, i.e. the British standard, the Cape standard 
(in .South Africa), and the French standard known as the “ .Metric System ”. 

We trill first deal with the British and metric standards. 

Examine a rule and notice the division marks along the edges. What do they 
represent, and how are they obtained? There are inches on one side and centimetres 
on the other side. Are all inches alike? Arc all centimeti-cs alike ? What governs 


their length? 

The British standani of length is known as the “yanl” aixl (his has Iwcn 
defined by Act of Parliament to lie: “The distance between marks made across golden 
studs lot into the ends of a bronze liar and measured when at a temperature of 
02° F.”. This is known as the “Imperial standani yard”. Several of these bars have 
lieen made, and arc securely kept in order that all other measures may from time 
to time be tested by the standani. 

Examine a “yard stick" and notice that it is divided iido thiee equal [larta each 
of which we call a “ foot ”. Each foot is again dividctl into Iwflm parts which we 
call “inches”. These may bo again subdivided iido J, ;J, j, A, anil so on, 
or they may be divideil iTito rJ». losni Notice the various division marks to 
the inch on your ndcs. 

The Xetrie System.—Thc French also inserted a gold stud at each end of a 
bronze bar and made a mark across each stud wher^the temperature was at 40° F. 
They determined the distance between the marks on the studs by measuring the 
distance from the equator to tke [KiIo along an imaginary line passing through Paris. 
This distance they divideil into Irn million equal parts which they nameil “ metres ”. 
Unfortunately it was found later that they htui maile a slight mistake in calculating 
the Instance, hence the metric system is after all an arbitrary standaiil and not a 
tnily /ixed national standani. * 

Ha^g obtained the'metre it wasjdivided into ijlhs, .(Jgths, ^gggths, culled, 
respectively’: decimetres, centimetres, millimetres. , 

EKaaiibe a rule subdivided according to British and metric stanilanls. On the 
rules we have two sthndard* systems by means of which to determine the lengtht 
breadth, anif thickness of any ^y. ’ , 

What is the length of your piece of wood? What is the breadth of your piece 
of wood 1 


• • 
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Tile area of rcclanglea ean be fonnd by mS^j^lying the length by the breadth. 
We will work the example in both etaodarcla When we wish to find the volume 
of i-uljrii or btkklike objecia, we can do so by multiplying the product of the length 
and breiwlth by the thickness. Find the volume of your piece of wood. 

tn future wo shall know how to find the volume of onr various exercises, assufiiing 
that they are rectangular in shape. The method for determining the volume of solids 
which are irregular m shape will be explained later. 

Weight~If ere is a piece of wood [take a piece of ebony or other very heavy 
wcKsl for comparison with the pine or poplar of the exercise] which is exactly the 
same sixe as yours, that is, it has the same length, breadth, and thickness, that is, 
it has the same volume. Take hold of them. What do you notice 1 A difference 
in weight. How can we explain this diflerence in weight, and what is meant by 
weight 1 


We know that if a body is let fall it is at once pulled to tlu* earth, 
and lKxlic.s that remain at rest, as,- for instance, this piece of wood resting 
on the table, are pressing downwards on the surface upon which they 
rest. This pressure is due to the earth’s attractive pull, known as " gravity ”. 
'fhe earth’s pull is unifonn on all bodies having equal volumes and con¬ 
taining an equal quantity of matter, and this pull, which we can feel and 
which demands muscular effort on our part in order to sustain a load, we 
call the “ weight of a bo<ly ”. The weight will vary as we approach or 
la'come farther i-emoved from the earth’s centre. 'The weight of a body 
is only constant, therefore, when weighed always in the same place. 

You have compared the weights of the two pieces of wood and found 
that one is heavier than the other. Why is this, seeing that they are the 
same size? It is clear that there must be a difference. The difference is 
that one contains more “ matter" than the other, and the amount of 
matter which a body contains is known as the “mass”, and we can com- 
jMU-e the masses of given bodies by comparing their weight. On comparing 
our two specimens of wood we find that one" is” heavier than the other, 
then clearly that which is the heavier contains more matter, that is, it lias 
a greater “ mass ”. In order to measure the mass of a body we ‘must 
have some standard. The British standard is the “..pound”, it consists of 
a lump of platinum preserved in the office of the Exchequer. • ^ 

For purposes of convenience wo have subdivisions of the pouqd ,(Ib.), 
Hs ounces, and multiples of the pound, as stoile (14 lb.), ■ hundredweight 
(112 JU), ton (2240 llx), and Ckipe ton (2000 lU). 

The metric standard Of mass is the mass of a cubic centimetre of water 
at a tempelature of 4° C.; it is known as the gramme. • 
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' Density. —Referring; agaitt^ our specliAens of wood, we know they 
possess equal volumes, we also knowHhat Ohh contains moie matter than 
•the other, and we say of that which contains most matter that it is more 
denee. When we wish to compare the density of two or more bodies wo 
must state the quantity of matter contained by a cubic unit of each. 

For purposes of comparison we often state the “specific density” of 
a body. That is, we make a comparison between the mass of unit volume 
of any substance and the mass of a unit volume of water. Now, water 
weighs approximately 62 5 lb. per cubic foot, and os it is taken os the unit 
its specific density is said to be 1. Sup|Mise a body weighs 3r25 lb. [x-r 
cubic foot, then its specific density is '5. 

Speclflo Gravity. —If now a comparison be made between the weight 
of a gigen volume of any substance and an equal volume of water, this is 
known as the “specific gravity". This refers to the weight only, whereas 
specific density referred to the quantity of matter. Here, again, water at 
a temperature of 60° F. is taken ns the unit. The specific gravity of water 
then is 1. If now we know the specific gravity of a substance we can 
calculate its weight. The specific gravity of American yellow pine is 
about -6. Hence the weight of 1 cu. ft. of this wood will be found by 
multiplying 62'5 by '5 = 31‘25 lb. 

The specific gravity of— 

Beech = '8 hence weight = 62 5 x '8 = 50 lb. per cubic foot. 

Box = -9 to 1-03 „ = 62-5 x '9 = 66'26 lb. per cubic foot, or 

• nearly eipial to water. 

Ebony = 1-2 hence = 62-6 x 1'2 = 76 lb. per cubic foot. 

Brass = 8-4 hence = 62'6 X 8-4 = 525 lb. per cubic foot. 

Iron = 7-7 hence = 62-6 x 7-7 =* 481'26 lb. per cubic foot. 

Load = 11-4 hence = 62-5 X 11-4 = 712'6 lb. per cubic foot. 

• • 

This knowledge can be usefully applied for estimating the approximate 
w?i|ht of bodies that will float in water, for the floating body displaces 
a vokjme of water tlje weight of which equals the weight of the gifen 
substance. Suppose, therefore, w» take a piece of wood and float it in 
watqrijand observe that about two-thirds of its volume iv under water, the 
weight per cubic ft>ot wiM 1^ two-thirfs of 62'6 lb. • 

This experiment can Ijs tried later with diflereut specimens of .wood, 
smd afterwards comparing the actual weight 1^ means of a balance. 

Fopm Uld Work.—Having considered'^he nature of our tnaterial we 
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Imve now coiiHiilur the nature of the “ work ” to Iw performed, and the ' 
agency by iiieana of which it is executed, i.e. foref. 

Before any work can be executed witfi the various tools you see in» 
the ruoin, muscular effort must Ire brouglit to Is-ar upon them. This 
muscular effort will rcciuire to be greater or less accoitling to the nature 
of the work to l)e pcrforme<l. 

Before atiy work can be done with the tools they must Ije set in motion. 
This is accomplishes! by the exertion of muscular effort, and the motion 
imparted to the hsjls is the result of the “ force” exerteil. 

A foree may Is* exerted upon a bcsly and yet it is |iossiblo that motion 
may not lx- pisxiuced. This is owing to the fact that the body ujxjii 
which the force is exerted presses back, “ reacts", with a force equal and 
opposite to the first force, that is, the bo<ly acted up()n resists motion until 
the pressure applied is sufficient to overemne the resistance of the body. 

Apply a saw to w<xxl and push lightly, i.e. exert a small force, and 
you will notice that the cohesion of the fibres prevents the sivw moving 
forward. Now increase the pressure, i.e. exert a greater force, and the 
cohesion of the fibres is overcome and the saw commences to move forward 
and execute work in cutting the fibres. 

Apply a chisel to the piece of w<kx1 and press lightly; again we notice 
(hat the cohesion of the |xirticles resists the forward motion of the chisel. 
If now more foree Ix) exerted, the cohesion is ovi*reonie and the chisel 
moves forward. 

An approximate measure of such forces cun be „ascortained by means 
of a spring balance, and it is usual to express such forct^s in terms of 
weight, i.e. a force of so many pounds. 

In order to thoroughly Understand the nature of any force acting on 
a body we must know— 

1. Its magnitmle. 

2. Its point of application. ' 

. 3. The direction in which it acts. 

4. Whether it is a pushing or pulling fruxse, i.e. its sirnsc. e* 

•> c 

Oraphio Repnsentatioiu —Such forces may be represented by, nieans 
of lines. , • *0 

Take the case of a boy pulling with a toreq. of 5 Ik. on a string which 
is attached to a bfock oFwood. This can l>e shown as follows (fig. 68):— 

Line AB represents, the magnitude of the force, and is made <^6 units 
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y long, any distance being taken to represent unit force. Tlie point of applica¬ 
tion will be the centre of the mass C, i.e. its centre of gravity, or that point at 
iwhich the concentrated 


for(^ due to the earth's 
pull on each particleof the 
mass is supposed to act. 

The direction of the 
line indicates the direc¬ 
tion of the force, whiKst 
the arrowhead indicates 
the “sense” of the foree. 
Assuming that the 
arrowhead pointed in 
the opposite direction, 
clearly the force would 
tje a pushing force, and 
string would not serve to 
transmit such a force. 



Parallelogram of Forces.— Now let us take the case of two boys each 
pulling on a separate string, the strings being attached to a block of wood 



• • 

as before (fig. 69). The boy at A pulls with a foroe of 4 lb., whilst the boy 

at B puJls with a force of 6 lb., and let tho'^lines represent the Birection in 
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which each is pulling. Now it is clear that the block C will move for«^|^' 
under these pulls, but what will be the actual direction of its motion? 
Tliis can bo determined in the following manner. 

Plot uif each force to scale as indicated in the last example. Then, AC 
will have a length of 4 units whilst BC will have a length of 6 units. 
From A draw AD parallel with BC, and from B draw B D parallel with AC, 
thus completing a parallelogram. If now a diagonal of the parallelogram 
lie drawn, e.g. the line DC, this line represents the direction in which the 
block will travel, and further, if measured to the same scale as the forces, 
it will indicate the nature of one force which might be exerted in order 
to accomplish the work of the two boys. Thus one boy pulling on the 
block in the direction C D with a force of 8 lb. will produce the same effect 
as A and B together. This force of 8 lb. is known as the rerndtant. 

Further, supposing we have a piece of string at the back of the 
block C, and, whilst A and B are pulling, another boy picks up the string 
at the back and commences pulling with a force equal to DC but in the 

opposite direction, as indicated in the 
Bgtire, the effect will be that this pull 
will jtist balance the combined pulls of 
A and B. Such a force is known as the 
eguilibranl. 

Seulution of Foroes.— We have 
seen that we can substitute one force 
acting at D for ^he forces exerted by A 
and B. This force is called the " result¬ 
ant”, and is determined by completing 
a pandlelogram about the forces; then 
clearly if one force acts on a body that 
force can be .resolved into two forces 
varying in magnitude according as the 
angle between them and the magnitude 
of either force varies. 

Example .—A force of 10 IK acts filong the line AB (fig. 70J in the 
direction indicated, and we wish to indicate the magnitude of forces‘acting 
along AC at an to A B and along AD which makes an angle 

of 6Q’ with A B. We have only to proceed as in the former eicample and 
from B drav|^B,i|^aralU to A D. also from B ciraw B F parallel to AC. If 
now A E btehMaHuAd to the same scale as A B the niunber of 
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\ unjt« in each will represent the magnitude of each force, and these forces 
are known as the “components”. 

f Now let us examine the saw and the chisel and see if we can apply 
thu knowledge. You will observe that the handle of the saw is inclined 
to the line of the teeth. Why is this? It is clear that, when we are 
sawing, the saw lias really to move in two directions, forward and down¬ 
ward. But how is this to be accomplished in view of the fact that we 
exert only one force on the saw? We shall understand this better if wo 
make a diagram (fig. 71). M N represents the handle of the saw, which is 
inclined at 60° to the line of the teeth; A represents the direction of the 
force applied to the handle, 
and is at right angles to M N; 

B and C represent thediroction 
of the rectangular components 
the magnitude of which we 
desire to find. Assuming the 
force exerted at A to be 12 
lb., we can now proceed as 
follows;— 

Produce AO to D, making 
O D = 12 units of force. 

Draw DE parallel to BO and 
from D draw D F parallel to ^ 

CO. If now OE and OF be 

measured to the same scale as D O, the number of units in F O represents 
the m^piitude of the forward force due to the pressure exerted at A. 
Similarly O E represents the magnitude of the downward force on the saw 
due to the force exerted at A. It will be found that O E will be 6 lb. 


whilst OF will be approximately 10’4 lb. 

Work a similar example ns applied to yie panel saw. 

Now let us ascertain what happens when the chisel is applied to a piece * 
of w<jpd. One forward force is exerted on the handle of the chisel. This 
has not^only to drive the chisel foijward, but" it has further to overcome the 
cohesion pf the particles and lift out the waste. A disgr^tna will explain the 
nature of the ijorksto be done. We have seen that tho gutting edge of tho 
chisel is formed by the intersection of Wo plane surfaces mutually inclined 
at an angle of 3.5". Further! we have seen that all^rtioh * reaction, 

and thcfe reactions are at right angles to tltt aapfbtf 
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case of a chisel the “ face ” acts downwards in the direction of B, whilst the/ 

bevelled surface N acts 
upwards in the directioit 
of C (fig. 72). The mus¬ 
cular force applie<l to 
the handle acts along 
the axis of the chisel, as 
shown by the line A. 
Suppose the force A to 
be 12 lb., what is the 
magnitude of forces B 
an(l C? These can be 
detorniined by construc¬ 
tion of a parallelogram 
having sides parallel to 
C and B, and a diagonal 
equal in magnitude and direction to force A. These forces are represented 
in the accompanying figure (fig. 73). Where AO 
equals the force of 12 lb. to scale, AC is inclined 
to AO at an angle of .5.5°, and A B is at right angles 
to AO. If now OE be drawn parallel to AC, and 
OF be drawn parallel to AB, the number of units 
in AE will represent the magnitude of each of the 
forces B and C. It will therefore be seen that the 
lifting force of the inclined surface due to the 
force exeided on the handle will be 21'7 lb. It will 
further be seen that by reducing the angle of in¬ 
clination between the faces forming the cutting 
edge the greater becomeathe angle O AC, and conse¬ 
quently the greater becomes the magnitude of the 
force AK; but whilst the cutting action is thereby 
increased, it must be borne in mind that every de¬ 
crease in thisiangle is tending to weaken tt»e <^isel. 

Further examples in the application of the 
parallelogram of forces will he found in the use 
of planes and gougea 
Find by experiment'tbe approximate force exerted on the handle of a jack 
plane, and determine the rectangular components. » 
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k Having determined the magnitude of the horizontal force acting on the 
Vmk plane, determine the direct lifting force due to the inclination of the 
Jutting iron. 

^terminc experimentally the force applied to the liandio of a (inner 
gouge when making a fluted groove. What will bo the direct lifting force 
of the blade, assuming the gouge to lie iticlino<l at an angle of 40“f (Neglect¬ 
ing the resistance due to the curved face of the blade.) 

Meohanioal Devices. —Practically all the tools we use are so constructed 
that they embody and admit of the application of some simple mechanical 
device tor enabling the user to gain a “mechanical advantage”; that is, through 
the agency of the ]>articular tool a small force is multiplied, and thus acts 
with a greater force than that exerted by the user. 

Levers. —One of the most important of these devices is that known as the 
lever. When you have to raise a very heavy load, you take a rigid bar of 
wood or iron and place one end of it underneath the load; then you place, 
a stone or solid block under the bar, and begin pressing on the free end. 
Should the load be exceedingly heavy, and you are unable to lift the load 
with the bar first chosen, you go in search of a "longer bar”. Now, that 
bar which you useil was a lever, and the block which you placeil beneath it 
is called a fiUeriim. The word fiUcrum means a “ prop ” or " supiwrt ”. It 
is the point at which the lever is supported, and about which the lever turns. 
The word lever means “ to raise ”. It is applied to any rigid bar turning on 


the fulcrum, and used to 
overcome a resistance ^calhsl 
the weight) encountered at 
one part of the bar, by 
means of a force (called the 


pouer) applied at another 
part of the bar. . . 

Yon will notice that the 



bar i* divided into two parts 
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by the fulcnim. These are • 

called*fhe nitiis. The*arm supporting the load is called the weight grm, 
whilst* that on which the force or power is exerted is known as the power 


arm. * * , , , < 

I.ievers as-e arranged in one of three groups, known as 4^er8, which vary 
according to the position of the fulcrum. 

The j|lus^tions will serve to show the relative position in each order. 

(CHI) « 
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Lever of the First Order .—Here it is seen that the fulcrum is situal 
Ix-'tween the weight and the power. 

Lever of the iSeamd Order .—In this order the fulcrum is at one end, ani 
the weight is situated between the fulcrum and the power. 

Example .—Pushing a loaded wheelbarrow. 


Lever of the Third 
Order .—In this older the 
power is applied at some 
point situated between the 
fulcrum and the weight 
(fig. 76). 

Example. — A pair of 
spring garden shears. 

Before wo can fully 
ng. 7s understand the effective 

use of such levers wo have 

to consider the relative value of each arm of the lever. 

You will understand this more readily by reference to the favourite see¬ 
saw. Heie two boys arrange themselves at opposite ends of a plank which 
is supported on a fulcrum, and you know that they change their position 
until each balances the other. Should the two boys happen to be of exactly 

the same weight, then 
they will occupy posi¬ 
tions equidistant from 
the centre. If, how¬ 
ever, one boy is much 
heavier than the other, 
then the boy who is 
heavier must move 
nearer to the centre in 
ri»7« Older to maintain the 

• “balance”. It is pos¬ 

sible to discover the exact position each boy must occupy if we ^now the 
weight of each.* This is done by the principle of the “moments of'force”. 
The term “ moments of force ” is simply a " number ” obtfrine^ by multiplying 
a known force by a known distance, and these numbers enable'one to com¬ 
pare the effectiveneas of such forces when acting at a distance from the 
fulcrum. Taking the case of the see-saw; suppose the boy at A (fig- 77) 
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weighs 60 Ib. and the boy at B weighs-70 lb., and A is 10 ft. from the ful- 
icrum, where must B sit in order to balance A? By multiplying the weight 
'of A by the distance from the fulcrum we have 60 lb. by 10 ft. «= 600. The 
600 represents neither 


pounds nor feet. It 
is merely a " number ", 
which is called the 
“ moment" of A, and 
represents its ten¬ 
dency to turn the 
plank atx>ut the ful¬ 
crum. What is the 
" moment” of B ? This 


we do not know, be- 


Ktg.77 


cause we have not yet 

discovered where he is to sit. This wo do know: that if B is to balance A 


he must have a " moment ” of 600, and, since wo know B’s weight, we have 
only to divide 600 by that weight, which will give B’s distance from the 
fulcrum in feet; 


600 -f- 70 lb. = ft. 

Hence it will bo clearly seen 
that the greater the distance at 
which the force acls^ the greater 
will bo the tendency to turn; that 
is, the greater will be the “mo¬ 
ment" of the force. 'ITius by the 
principle of moments wo are en¬ 
abled to compare and contrast the 
efficiency of levers. 

Having thus defined the lever 
and itp various forms of applica¬ 
tion, ^gether with tCe means of J 
testing their efficiency, we are now 
in a position ti) exatninc various articles in the room which arc used as lovers. 

A Door Handle. —The^first example is found in the handle of the, door, 
which is turned in order to lift the latch or bolt ndicn entering a room. By 
means Df the spherical knob one is able lb exert a leverage On the bolt. 
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thus liftinj; it with OR«e. A turning force is exerted on the rim of the knob 
(Hg. 78). Tilt! inunuiiit of that force will be found by multiplying the radius 
of the knob by the force exerted. 

AH X C = moment of force C. 

In this case we cannot change the length of the lever, but the force can 
bo increased by exerting more muscular effort, and thereby 

■ increasing the moment. 

A Key.—T he door key is another example (tig. 79). 
Distance AB x force C = moment of C. 

The Bradawl. —This has a pear-shaped handle (fig. 
80). The shaix) and size of the handle enables us to grip 
the handle with case; but its size docs more than that: it 
enables ns bi exert a considerable turning moment on the 
handle. 

Yt« ra Again, distance AB X force C = moment of C. 

If either the distance AB or the. force C be increased, the turning moment 
or effectiveness of the instrument will thereby be increased. 

I You will readily undeistand that there must be a limit to 
the size of the handle. A very large handle would prove 
very uncomfortable had we to execute much work with it. 
Again, a large handle would be re<iuircd only where a large 
foree was neoessaiy. That wouhl only b<! in the case of 
large holes, and brailawls are not suitable for boring large 
holes, as they do not remove the w<ks1. What happens, 
then, when we wish to lx>re large holes' 

The Gimlet. —Notice the peculiar arrangement of the 
]>art8. It is likem letter T. Why is this? Examine the 
lower part, and at once you notice that it will bore a thuch 
larger hole than the bradawl we haye just been discussing. 
Conso(picntly greater force will bo required for theipurpose 
6f tuniing it. This can bo obtained in two ways: ^ * 

(rt) By increaserl muscular .effort on ttie part of the user, 
(h) By increased leverage. , 

Uu eXHiiiintng tig. 81, we see that the distance AB is 
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L much greater than it was in the bradawl. Hence tlie “moment" of C will 
Ibe gi'eater. Therefore, l>y exerting the same 
’muscular force at t! as was done in the case of 
tbwbrailawl, we are enabled to overcome a much 
greater resistance or bore a larger hole. You 
will see that, had the handle been mode the 
same shape as the bradawl’s handle, how in¬ 
convenient it would have been to gisisp such a 
large handle. Further, there is a Umdency for 
the hand to slip round the suKsjth surface of 
the bradawl handle, whereas there is no such 
tendency in the case of the gimlet, the force in 
this case acting directly on the cross handle. 

Another advantage gained by having liatKlles 
of this particular shape is that much deeper 
holes can be hore<l. We have an extension of 
the “gimlet principle" in the auger. 

'I'he Auoek.—T his is an enlarged form of Wu si 

gimlet n.sed for Ixning large and deep holes 

(tig. 82). Extra force can lie applied by the use of Ixith hand.s. The force 
exerted by isich hand produces its own mo¬ 
ment. The sum of these moments gives the 
etfectivo turning moment of the, eomhined 
forces. Hence • 

AH, X C -f AB., X C_. = moment of 0, C..,. 

Should the re.sistance bo very great, the 
turning moment can lie increased by |)assing 
a longer bar “ lever" thitiugh the handle. 

Note .—Angers are not used for manual- 
trairting purposes, hut reference is made to 
them.^ere for the piyposo of explaining tlio 
principle. * 

'ptE Brace. —Examine the brace. We Hud 
in it only another •example of the application 
of the lever. The particular shape is known 
as the “crank”. (Fig. 83.) ^ “ 

• Again, the distance A B x force C = turning moment of (.\ 
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The iliHtoneo AB in this auu) w clearly much givater than it was in the /' 
hrailaa’l and jfinilft. Afpiin, the |)eculiar structure enables us to exert a much 
j^roater muscular force. In the gimlet the force was' 
exerted by the thumb and fingers only, whereas in this 
example wo may grasp the handle at A firmly in the hand 
and exert force from the elbow and shoulder. This greater 
force is necessary by virtue of the downward force exerted 
at D. The distance AB cannot be indefinitely increased; 
otherMrise, when in use, the 
brace could not be con¬ 
veniently turne<l. Tin- 
usual distance is 4 to 5 in., 
thus giving a “ sweep" of 
8 to 10 in. 

Various devices arc in 
use for increasing both 
power and speed, but these 
do not come within the 
riir 8.1 range of manual training. nn. 84 

The Bench Screw.— 

This is another example of double leverage (fig. 84). When we wish to 
tighten the vice and grip a piece of work we exert foi-ces at C, and Cj; each 
force has its own moment, whicli will vary according to the position of the 
lever in the screw of the vice. The following will serve as examples;— 

(ii) When the lever is centrally arranged. 

I.sit the lever be 16 in. long, and suppose a pulling force of 10 lb. be 
exerted at C, whilst a pushing force of 16 lb. is exerted at C,, then— 

A,B X C, -b A,B X C, = effective moment. 

8 in. X 10 lb. -b 8 in. X 10 lb. => 160. 

(b) When the lever is not rentraUy arranged (fig. 86). 

Let the pulling and pushing force still be 10 lb. Then again we hsKo— 

AjB X C, -b A,B X C, ='moment of C, -f C, “ 

4 X 10 + 10 + 12 = 

40 -b 120 = 160. * ‘ * 

Comparing this moment with the moment in the former example, we see 
that they aiv eijual; hence the work done in each case is the same; 
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V («) When the lever is at one side and the dmd forves act at the free end 
ft. «6)- 

First, we must notice tliat a portion of the lever is lost in oonse(|nence of 
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the diameter of the head of tlie screw. Assuming the diameter of the head 
to be 4 in., the free arm of the lever will be 14 in. long. Then— 

AB X C = moment of C. 

14 X 20 = 2K(). 


ComjMjring this moment with tin? inoinents in the previous examples it is 
clear that a great mechanical mlvantage has Iwen gained, though the foreo 
applied remained constant. 

The Lever ok the Ibo.v Vice. —This adbi-ds 
another example. It will l)e seen that the lever 
is short compared witl^ the lever in the " wooden 
screw” vice. The reason for this will be more 
readily seen when the ivction of the “ wooden 
screw" and the “cam” of the iion vice is compared? 

The Grinixstone. — When grinding a tool we 
know that the tool is pressed on the outer rim 
of the stone. Tliis pressure is acting at a <listancc 
from the centre—i.e. axis of the stone—and varies 
as the, jiametcr of the intone. The pressure on the 
tool multiplied by the ra<lius of tlie stone will 
give {6 moment which acts against, or resists, any 
effort to turn the stone. 4Iow is this to be overcome? Clearly it cannot- 
be overcome by exerting myscular effort directly on the axle which ppsses 
through the stone. Let us examine such a rase. ' 

Suppose the stone to be 24 in. diameter (*ig. 87). and the axle? at A 1 in. 


'•‘■^Olbs -toO'. , 

• - r -. 
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liiaineter. The force C, <lue to presHui-e and friction on the tool, we wilb 
aaaunie to be 20 lb. Ne)(lectin}; all other conaiderations due to friction, &c| 
what imiHciilar foi-ce would have to 1)0 exerted on the rim of the axle at A 
in order to turn the atone? • 
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Turning moment = moment of rcaiatance. 

Muacular force x J in. )= 20 x 12 
= 240. 

Muacular force => 240 x 2 
or 480 lb. 

Clearly this cannot be done, nor is it adviaable 
to try to <lo it when by meana of the crank prin¬ 
ciple or lever we can reduce the expenditure of 
muacular ertbrt. Ix‘t ua therefore take the caae of 
a crank arm and aacertain what turning force must 
be exerted (fig. 88). 

Aaauming the crank AB to K-!) in. long, we have— 


Turning moment = 
Muacular force x 9 in. = 

Muscular force = 

Muacular force = 


resistance moment. 
20 X 12. 

20 X J2 
9 ■ 

26§ lb. 


Therefore the persop turning the atone must 
push with a force of approximately 2fis lb. 

This could be re<luccd by increasing the 
length of the crank arm, but increase in this 
direction makes it inconvenient for turning. 
Or the pressure on'the tool may l)e re<luce<l, 
thereby decreasing the resistance of C. 

Obinrstonrs Fitted with Treadi-e.— 
Here we have an application of a lever.of the 
second oider, in which the weight is ibctween 
the fulcrum and the power. Let us _ investi¬ 
gate an example (Kg. 89)i • 

\Ve will ossuiiie the following conditions;— 
Diameter of stone 24 in.f small crank AB 3 in.; resistance 20 lb.; foot lever 
24 in. long, connecting rod attached at E 12 in. from D. 
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Find the force which must be exerted by the foot et F. 

Let ug first agcertain the force that must be exerted at B in oi-der to turn 
he stone, and from that calculate the fon-e that must be exerteri by the foot 
• at F*iii order to produce the required result at R. 

Again, turning moment — moment of regigtance. 

Force at B x 9 = 20 x 12 
Foreeat B = 20 x^2 ^ 

Therefore the foi-ce of 80 lb. at B is acting through the connecting iwl 
BE and tending to prevent the lever 1)F Is'ing moved by the foot. The 
nioment of resistance for the force will Isj found by multiplying the weight 
into the distance from the fulcrum at which such weight is acting. 

Hence wo have— 

Moment at F — moment at E. 

Muscular force x 2+in. = 80 x 12. 

Force at F = = 40 1b. 

24 

The Bow .Saw. — In order to j)revent the narrow bhule from buckling 
when in use it is e.ssential that it shall Is? in a state of tension, i.e. subjected 
to a pulling force. This is accomplished by means 
of the frame into which the saw is fixed (fig. !K)). 

Each side piece of the frame is a lever of the first 
Ollier, the ends of the middle lieaiii acting as ful- 
crums. The beam is nearer to the string than th« 
blade. Let us .suppose that, in order to keep the 
blade tight, it is essential, to have a tensile stress 
of 20 lb. acting along the blarle. What forge must 
be exerterl at the top end of each lever in order 
to produce the re<|uired stress? The distance AG = a in. and AB “ 4 In. 

Moment at B = fiioment at C. 

The force X 4 = 20 x 5 

* The fojee = ® = 2.5 lb. 

The Mortise Chisel. —The mortise chisel whei. in use not only severs 
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the fibt-cs, but U also uecd aa ^ lever for 
removing; the waate—i.e. core of tki mortWf 
Here again ia an example of the lever of the 
tirat oi-der. 

The chiael ia 10 in. long, an<l it haa been 

driven IJ in. into the wood (tig, 91). It ia 

found that a force of 8 lb. luuat bo exerted 

on the handle 2 in. from the top end in 

order to overeome the frictional reaiatance 

of the core. What ia the lifting power at 

riK. M the cutting end of the chiael* 

Moment at C = moment at A. 

Lifting power C X CB = force at A x AB. 

Lifting power C x IJ = 10 x 6). 

y.f, . 10 X 6.1 

Lifting jHiwer = j i ' 

I 

10 X i32< i _ m 
I y 3 " 3 

43i lb. 

This problem abould enable acholara to undei-atand why it ia neceaaary to 
make mortiae chiaela ao atrong. Clearly a amall force applied at the end of 
the handle ia capable of exerting a fairly big moment, and, provided there 
ia reaiatance at the other end of the lever, the momenta of force and reaiatanee 
are tending to break the chiael at the fulcrum B. 

The Pincers. —The pincera preaenta an example of a 
double lever of the fimt order (fig. 92), the rivet at the baae 
of the jawa acting aa a fulcnim. This rivet ia .situated much 
nearer to the “ gripping end ” than to the “ power end ”. 
Clomparing theae diatancea we find they are in the ratio of 
approximately 6 to 1. 

What will be the gripping force of the jaw oaaummg that 
the ends at A are drawn together with a force of 6 lb.? 

Moment at C = moment at A. 
Gripping force at C x ,BC =• force at A x AB. 
Gripping force at C x 1 = 6x6. 

Gripping force C » 36 lb. 
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The When in Use.— We have ail oxaiii|ile in this case of the 

up of a bfent lever. (Fij;. 93 show.s the pincers as they would appear in 
actual use, and fig. 94 shows the problem in diagrammatic form.) 

’ IiT order to find the up¬ 
right lifting force the length 
of the lifting arm must bo 
measured perpendicular to 
the line of action of such 
force, as BC. The power arm 
is the distance AB. The dis¬ 
tance BC is exceedingly small 
as compared with AB, but it 
will be seen that the ratio is 
constantly changing as the 
nail is extracted. 

Assuming that the ratio ris ra 

liotween AB and BC is as 
20 to 1, what force must bo exerted at A in ordi' 
of 200 lb.? 

Again, by the principle of moments — 


/ 

X 

r 

K 


' 

.'a 



ri« »* 


to ovoramie a rosistanoe 


Moment of the force 
The force X AB 
The force x 20 

The force 


iiiomciit of resistance. 
200 11). X BC. 

200 X I. 

2(K) 

20 


= 10 lb. 


Hence by exerting a force of 10 lb. we are enabled to si'cure a lifting force of 
200 lb. This 200 lb. i-esistance has to l)c siipimrted by the material imme¬ 
diately under that part of the pincers which is acting as a fulcrum. Hence it 
is that we find a veiy light force exerted on *1110 end of the arms of the pincci’s 
is sufficient to “ bruise " the surface of the work. ^ 

Notxf—Demonutrate Hiis fael. , 

Many*other examples of levers ifi connection with the tools use<l in'the 
nianual-tcaining room will readily be fouml. 

Inclined Plane alki Sor#w. — The Iijolined P;,ane.— All wedges afford * 
examples of the inclined plaee, and the principle was lightly touched upon 
when dealing with the cutting action of the cjiisel. *We shall, however, find 
many other examples. 
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Thb Wewie oe a Plane.—T he wedge of the jack plane is farmed Iw 
two surfaces which intersect at an angfe of about 10°. We have already 
seen that — 

(ii) For all action there is a reaction. * 

(/>) The reaction of a surface is at right angles to the surface. 

Calculate the pressure of the wedge on the iron of the plane and on the 
wedge abutments, assuming that the blow delivered 
on the end of the wedge is equal to a force of 20 lb. 

Let ABC (fig. 9.5) I'cpresent a section of the 
wedge, the angle at A being approximately 15”, or 
such that the ratio of A C to C B is as 4 to 1. The 
force of the blow as shown by the arrowhead acts 
parallel to A C, and the reaction of the surface A B 
(Rj) is at right angles to A B. Similarly the re¬ 
action of the surface A C (Kj) is at right angles to 
AC. Then by the triangle of forces we can deter¬ 
mine the value of each. 

From C draw C I) perpendicular to A B, ami from B ilraw B I) perpen¬ 
dicular to BC. 

Then the triangle BCD represents tin; magnitu<le and direction of each 
of the forces. That is, B1) represents a force of 20 IK, but BC: B D as 4:1. 

.'. B C = 20 X 4 = NO lb. and DC = x'^20*-bN0* = .S.‘t lb. approx. 

That is, B, = appro.xiniatcly HtJ lb. autl R.^ = HO Ih. 

Aofc.—The wedge is retaineit in position due to the friction set up Ixstween 
the .surfaces of the wedge and the surfaces upon which they rest. If the angle 
were large the etfectivenestf of those forces would be considerablj’ rt'ducerl, and 
there would be a U'ndeucy for the wedge to slip back. 

The Chisel usEn for Splittino W(k>i>. —The chisel is often used for 
the pnrixrse of splitting pieces o€ wood. By comparing the forces necessaiy 
to split pieces of wood differing in kind, but having the same dimensions, an 
ifpproximato estimate of their relative toughness can, be formed. The tough- 
new is due to the interlacing of the librss and cohesion of the particles. 

A firmer chisel, having its face and sharpening bevel inclined ,at. 36°, is 
» use<l for splitting a piece of wood. It is found* necessary to deliver a blow 
actyig on the handle with a downward force pf .30 lb. in order to split the 
wo^ (fig. 96 )l 

(ft) Find the resistance at the surfaces of the chisel. 
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(b) Find the rectangular componente of the foice duo to tho reaction of 
tho inclined face of tho chiiicl. 

Applying tho triangle of foi-coK, and drawing 
our tiguro to scale as follows:— 

Let A B (tig. 97) represent the force due to tho 
blow in niagnitiKle and direction. 

From A draw AC at an angle of 55" to AB. 
'riiis represents the direction of the force dut! to tho 
action of the inclined surface. 

From B draw B D at right angles to A B. Then 
BD represents in mag¬ 
nitude and direction 
tho force due to the 
action of the face of 
the chisel. 

A 1) represents the 
magnitude of the force 
exerted by the inclineil 
surface of the chisel. 

If those angles Ik‘ 

carefully plotted out it will Uf found that they arc to one another approxi¬ 
mately in tho ratios 3:4: .5. 
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AB = a BD = 4. Al) = 5. 
and since A 1) = a force of 30 lb. 

BD = „ „ 40 1b. 

and A1 > = „ ., .^O lb. 


Having determincil the value of each force! we have now to consider the 
rectangular components of the force ex<!rted by the inclined face of the 
chisel. Upon careful examination it will ,be found that the same triangle 
represents these forces, but the sense of the horizontal comixnients must be 
reverscft '•<?• reverse arrowheads. This being the case, the horizontal force dife 
to the inclined face is equal to the fdree exerted by the perpendicular face of 
the chjsel. That is, the blow delivered on the end of the chisel handle acts 
with outward h^rizoatal forces of 4tf lb. • 

The Screw. —Tlie screw I^y be considered as a further illustration of the 
inclined plane, but instead of the inclined surface* continuing in a direct 
straight line-it is arranged, or wound, round* a cylinder. This can readily 
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Ije illustrated by winding a triangular piece of paper round a cylinder aa 
shown in accompanying figure (6g. 98). Cut a long acute-angle triangle 
from a piece of paper and wind it round a cylindrical piece of wood ks 

shown. . 

The top part A shows the screw-like 
appearance, whilst at B is shown the free, 
unwound portion indicating the true shape 
of the plane. 

The screw has the advantage that it 
institutes a very long inclined plane which 
can be continuously actuated by rotating 
instead of moving in a direct line through 
a great distance aa in the case of an ordi¬ 
nary wedge. 

Thread and Pitch. — The inclined 
edge which winds round the cylinder is 
known os the “thread”, and its inclination 
tor any given cylinder is determined by the distance from any point on the 
thread to a corresponding jmint after the thread has traversed once round the 
cylinder os shown at 0 !> in fig. 98. The distance is known as the “ pitch ”. 

Vai,ue <)K Work Done. —The amount of work done by the “turning 
force" exerted whilst tunnng the screw through one revolution eciuals the 
amount of work done by the pushing or pulling force of the screw acting 
through a distance wpial to the pitch. That is— 

K = turning force exerted in pounds (lb.). 

C = circumference traversed in inches. 

P = the pull or push of the screw, 
p = pitch of the screw in inches. 

Then F x C = P X p. 

This calculation makes no allowance for “ fric¬ 
tion" between the parts, which wj,ll vary 
according, to the material of which ()ie screw 
is composed and the condition of the surfaces 
of contact. It will be well to .estimate this at 
70 jier cent for Jron screws and 80 per cent 
for wooden screwa 

The Bench Screw.— Problem— What force 
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c*h be exerted by a wooden bench screw under the following conditions 

(fig. 99)? 

'fuming force 20 lb. 

, Diameter of screw 2J in, (circumference = 2J in. x in. «= 7f in., 
approx. 8 in.). 

Pitch of screw J in. 

Friction 80 per cent. 


'Then F x C = P x p. 

20 X = P X j 

p _ 20 X 65 X 4 _ 4;^ 

^ ~ 7x3 - “21 

But only 20 per cent or 5 is effective. 


.’. net value of P 


4400 
21 X 5 


880 

21 


4US lb 


Other examples will be found in— 

(o) The screw of the cramp. (it) The mortise gauge, 

(b) The bench holdfast. (c) The G. cramp. 

(c) The marking gauge. 


rVofe.--It must lx; clearly lx)iue in mind that many conditions enter into 
the calculations of such a problem which it is not within the province of 
manual training to touch uixm. All that can be. done h(>ie is to ac<pmint 
the scholars with the |»rinciple8 underlying such problema 

Centrifugal Force.— A thorough investigation of problems relating to 
centrifugal foices would carry us Ix^yond the range of manual training, yet 
the subject should not pass unnoticed. , 

Centrifugal force is that force by which all Ixrdies moving round aiKPther 
body in a curve teml to IJy oH’ at any |K)int of their motion in tlu; direction 
of a tangent to the curve. 

.Sufficient evidence of this tendency wilf I* found in the familiar example 
of boys throwing pt:g from the end of a stick, or in the case of the sling, by 
means 8f which stones \»n bo prop*Jled to an enormous distance. Boys arc 
familiar*with the fact that the distance to which the stone .can be propelled 
depeiftls ntpon three jronditions: 

(rt) The weight of the sbme. ' 

(b) The length of trfe string. i 

(c) The rapidity with which the striitg is turned, i.e. velocity. 
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For a portion of tlie journey the object (pug or stone) was compelled to move 
in a circular path, but when released from the stick or string it endeavoured 
to travel in a straight line; but the pull of the earth (^gravity) caused it 
gradually to approach the earth and tinally brought it » a state of rest. 
It is evident that fur the iiiissile to have continued travelling on its circular 
path for a given perKxl some force must have been exerted, and tliat it was 
only when this force was overcome or ceased to act that the body flew off 
in the straight line, i.e. tangential to the path of rotation. The foice acting 
was that known as centrifugal force, and it can be accurately measured. 

KxampU .—Take a stiff piece of elastic or rubber, such as a boy would 
use in making a catapult. Attach a weight to one end. Now whirl the 
Ixxly round in a circle, and it will readily be seen that the faster the Ixsly 
is whirled the more is the clastic stretched. DeUsrmine the amount by which 
the elastic is stretched for any given numbttr of revolutions per second. 
Having determined the amount of elongation, now attach the piece of elastic 
to the end of a spring Iwlance, and pull on it until the elastic is again 
stretched to a distance equal to the amount of stretch due to rotation. The 
reading on the balance will give approximately the value of the centrifugal 
force. 

Should several experiments be tried, varying the conditions (n), (h), (c) 
formerly stated, their influence will be dcterminc<l. 

SnppoBo a body to be revolving with a velocity of 10 ft. jwr second, and 
the radius of the circle to be 2 ft. Divide the squarc of the velocity by 2 
(10* .r 2 = .50), and the pressure is such that, were it to take the place of 
gravity, the weight being allowed to fall would at the end of 1 sec. have 
RcquinHl a velocity of ,50 ft. per second, which approximately is the case with 
btslies allowed to fall freely to earth. 

Now, the centrifugal forc<! exerted by any given weight moving under 
these conditions will be such a proportion of the weight as .50 is to 82. 
.Suppose a weight of 6 lb. is moving under the above conditions, what will 
ho the amount of the centrifugal foice? Tlicn-- 


.50 5 

32 ^ 1 


250 
32 • 


1\i lb. 


We have examples of the application of tlicoe prineipler in the use of 
the Ijammer and the mallet. , 
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INERTIA. MOMENTUM, FRICTION, TENSION. COMPRESSION. 

STRESS, STRAIN, IMPACT 

These are terms in frequent use in tlie classroom, but sisiee will only 
permit of these being mentioned in a general way. 

Inertia is that property which all matter possesses, and which causes it 
to remain at rest when in a state of rest, or to remain in motion once in a 
state of motion. Examples will be found in all tools which, under onlinary 
conditions, remain in a state of rest. Force must bo exerted in order to 
overcome the inertia of the tool. The foiTO used in the manual-training 
classroom takes the form of muscular effort, the effwtiveness of such force 
being increased by judicious use of the various mechanical principles nlrca<ly 
considered. 

One familiar example of the property of inertia will be found in the 
various planes used. When we <le8ire to loosen the wedge we ilo not apply 
our force tUrrH to the we<lge, but strike the Itody (utiirk) of the [jlane. Why 
is this? The reason is that both stock and wedge are in a state of rest, am’ 
will remain so until some force is brought to boar upon them. The blow 
ilelivered on the stock overcomes its inertia and seta up motion, but th< 
blow did not act directly on the wedge, thei’eforo its inertia tended tf> keei 
it in a state of rest. We have, then, the wedge remaining at rest whilst the 
stqck is in motion, and conseipiently the wedge is released from the stock. 

Other examples occuf in the driving of nails, turning of screws, &c. 

Momentum. —W'hen we consider masses in motion we can readily per¬ 
ceive that, given that a Ixjdy of known mass moves with a certain velocity, 
it will be capable of exerting a certain force; and, further, should either the 
mass or the velocity, or Isith mass and vekwity, Is! increase<l, then the force 
exertrsl by such moving mass will Ire increased. Similarly, if either mass 
or velocity 1» decreased, then the resultanUforce is decroased. The measure 
of the force which mass in motion is capable of exerting is called the 
'‘momei)j,um of the m^". It is found by multiplying the number 
units of ^lass by the numlxir of units of vekjcity. • 

Tlips much of the work performed by the various toolk is due. to the 
effect of momentum an oveacoming the resistances against which such biols 
operate. ^ , 

The Jack Plane.—L et us suppose the case of jack plane having no 
weight (mass); under these conditions, all the work done would bo-the result 

(CM») 
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of (lii-ect inUHCulftr effort in cauHing the cutter to move forward against the 
rcsUtaiico of the wood. But the stock of the plane has weight (mass), and 
when wc impart a velocity to this moss the foi-ce exerted by the product of 
mass and velocity is capable of overcoming a much greater resistance, thus 
relieving us of the necessity for exerting so much muscular effort (force). 

The truth of this staUnnent can lie testcsl by making a comparison between 
the amount of effort rciiuired to push forward— 

(o) A sm<s>thing plane, 

(h) A jack plane, 

(c) A trying plane, 

(d) A jointing plane 

The conilitions under which such a test must Ix! carried out arc as follows;_ 

(«) Planes cijually sharp. 

(h) Eijual amount of cutting iron in action. 

(c) ,Set to the same degree. 

(d) Applied to the same piece of wo<h1. 

(<•) .Move<l with the same velocity. 

The H.xmmek.— The etfectiveneas of the blow from a hammer depends 
upon its momentum. For any given hammer the mass remains constant, 
but it is evident that the velocity can bo variisl, and therefore its mo¬ 
mentum can be vnrie<l. When we wish to deliver a light blow with the 
hammer we do so by actuating the hammer from the wrist, thereby reducing 
the length of the arc through which the head moves in a given time, thus 
reducing its velocity. Should a heavier blow be required, the hammer is 
then actuated from the elbow, thei-eby increasing the length of arc through 
which the head travels, thus increasing the velocity, providwl the hand moves 
with the same velocity os in the previous example. Again, the velocity can 
!» increased by acttiating the hammer from the shoulder, and thereby in¬ 
creasing its momentum. If necessary to exert a greater foree, then the 
momentum must bo iiicroase<l by taking a hammer having a longer handle, 
or heavier head, or by combining both. 

ComjMiro the momentum of light and heavy hammers, short- and long- 
handleil hammers. ^ , 

Expfriment .—Take a piece of pine or poplar and deliver blows upon the 
surface, striking from— 

(«) The wri.st; {Ji) the elbow; (c) the shoulder, 
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the rate of revolution to be the same in each case. Compare tlio ettects of 
the blowa Repeat the experiment, using a heavier hammer. Repeat the 
experiment, using a heavier hammer, with longer handle. 

Having enquired into the effect of masses moving with varying velocities, 
and ascertained that, by increasing either the mass or velocity such a body 
is capable of imparting greater force or executing a greater amount of work, 
we are in a position to understand the value of the heavy “ mass ” possessed 
by the grindstone. This mass, revolving at a fairly high rate of speed, 
i.e. rim velocity about 800 ft. per minute. ac<)uircs an cnornions momentum, 
and thereby is assisted in overcoming the resistance set up by the pressure 
on the tool being ground and reducing the amount of muscular effort to be 
exerted. This rediiction cannot take place until the “ inertia ” of the stone 
has Wen overcome and “ momentum ” acquired. Thus, theoretically, the tool 
should not be applied to the stone until the stone is running with the maxi¬ 
mum velocity and momentum; in practice the tool is adjusted on the stone, 
but the full amount of pressure is not exerted until the maximum velocity 
has betm attained. 

Reference can be ina<lc to the flywheel on an engine, which, by virtue, of 
its momentum, regulates and causes uniform motion in the working parts 
of the engine. 

Friction.—When two bodies arc in contact there is a Umdency in such 
Isxlies to resist sliding motion. This rc.sistance is known as “ friction The 
amount of friction varies according to the nature of the surfaces in contact, 
and increases in propor^on to the increase of mass in the sliding Ixsly. 

The velocity of moving bodies does not affect the “ amount" of friction, 
but it dot* influence the effect of friction, as will bo seen hereafter. 

Friction acts as a mechanical agent in delaying the action of a force, Vmt 
cannot of itself generate foicc. One of the greatest difficulties which the 
engineer has to face in the case of machines is how to overcome the resist¬ 
ance to sliding. * 

We sliall find that friction plays a very important part in our nianuaj- 
trainingk lessona i 

Expr^ijunt .—Compare the frictii^al resistance of various kinds of woods 
used in yie manual-training lessoiia Tliis can bo accomplished in the fol¬ 
lowing manner:* Pnf{»ro pibces of wood, of various kinds, about 24 in. by 
3 in. by } in., having one surface pjaned smooth and true, the other %ur- 
face being allowed to remain rough. Next prepare blocks of wpod about 
3 in. by 2 in. by 1 in., having one surface smooth and the other rough. The 
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i>i<‘Ci'(( will serve as inclinc<l pianos over w'hich the smaller pieces can 

slide. 

Rest the plane in a horizontal ]x)Hition, having; its smooth surface upper¬ 
most, and on it place one of the small blocks having a smooth surface in • 
contact with the plane. Now gradually raise one end of the plane until 
th<! block C commences to slide down the plane; then measure the angle D 
by means of a protractor (fig. 100). 

Wbat caused tbe block to remain at itwt whilst the plane was moving 
through varying angles until it arrived at D? What caused it to slide down 

the piano when the angle 
D was reached ? 

In the tirat case we 
have seen that gravity 
is acting on the moss 
and tending to pull it 
towards the earth. This 
pull is measured in terms 
of “ the weight of the 
mass", and, whatever 
be the inclination of the 
plane, this foree con¬ 
tinues to act vertically downwards from the centre of gravity of the mass; 
but having moveil the plane through a small angle, it is found that tbe block 
continues in a state of rest, due to the resistance t(j sliding of the surface. 
When the plane was in a horizontal position the forces acting—i.e. the weight 
of the mass and its reaction—were mutually perpendicular to the plane; but 
immediately tbe plane is ihcline<l, then these forces are not acting in the 
same straight line, for, whilst the weight of tbe bkxik is acting vertically 
downward, the reaction of the inclined plane is at fight angles to its surface, 
as in fig. 100; but two forces caiv produce eipiilihrinin only when they act in 
the same straight line and arc etpial and opposite. Clearly, then, it the block 
remains at rest, some other force is acting on the bl^ck, and in this case the 
forct! is duo to friction. This retarding*’force must act in a lino jH“rallel to 
the surface of the plane ami up the plane. When the plane has beei\ sriffi- 
' ciently inclined to ensure that the action of the two force*—i.o pull of gravity 
(wegjht) and the reactioix of the plane—is sufficient to move the block from 
a state of rest, then it is' that the two forces are just slightly in excess of the 
thir*l force, which we have seen is due to friction. By applying the principle 
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of the triangle of forces, each force acting can. be (iefinitely nieasiired. 
Fig. 101 shows in a diagranunatic form the i-atio of the.se forces. 

The experiment should make quite clear the fact that this triangle is 
* true only in the case where the Ixxly commences to move. It is clear that 
as the plane is raised the sides of the tri¬ 
angle forming the right angle vary, whilst 
the hypotenuse—rcpre.senting the weight 
of the mass—remains constant. Therefoi-e 
the correct anghw for the triangle of forces 
will be determined when the plane has bei-n 
lifted through an angle siitficieiitly to cause 
the Ixsly to slide down the plane. 

Having performed the abcjve ex|x*ri- 
ments, and compared the frictional resist¬ 
ance otfereil by various materials uinh-r 
varying conditions, we are now in a jx)si- 
tion to inve.stigate a few of the problems of the mannal-truining r<H)m. 

The Bench .Sckew,- This, Ixfing made of wissi, otfers considerable re¬ 
sistance to motion, due to the friction lx‘twis-n the sliding surfaces, anil we 
have seen the amount of friction is in proixirlion to the maas (or pressure 
on the surfaces in contact). 

It will reailily be undeistiKxl that when an object is Ixdng gri|j|xsl in the 
vice the force of this grip is transmittcsl to the surfiwes of the screw in 
contact, thereby setting up an enormous amount of friction, and until the 
resistance duo to friction is overcome there can lx‘ no motion; hence much 
of the force excrttsl on the end of the turning lever is exerted in overcoming 
this resistance. We have further noticed in our experiments that the harder 
and smoother the surfaces in contact the smaller is the amount of friction. 
The bench screws are made of beech, which is by no means one of the hardest 
of woods; but it has many other advantages fitting it for such a usi-. There 
is then a considerable amount of friction between two surfaces of beech. 
In order to reduce thij friction the screw is coated with black lead (plu’m- 
Ixigo), which fills the pores of the wlod and presents smooth w'oi-king surfaces. 
BlacI; lead has the disadvantage that it can be used obvioual3' only on surfaces 
which have not to la; handkxl. . * 

The Screw ok the Majkino Gauge. —We have seen that these screws 
are made of boxwood, which is an extremel;^ hard* wood, and which can lx- 
brought to an exceedingly smooth surface, thus reducing the'amount of 
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Bra>t».,lS*by no means the strongest and best material for withstanding 
tensile forces; yet seeing that its ultimate tensile stmigth is approximately 
^XK) lb. ])er s<|uare inch, it will readily be seen that a thin band of brass 

answer all requirements of the chisel. 

Nails veb.sus Screw.s. —Reference should be made to the advantage of 
using .screws us compared with nails for fixing the parts of a structure to¬ 
gether which are likely to be subjected to tensile stressea 

Nails having a continuous unbroken surface can grip the wood with a re¬ 
sistance only equal to the amount of friction and compression set up, and due 
to the displacement of the fibres of the wood whilst the nails are being driven 
in; whereas with screws the flange—thread—cuts into the wood and otters 
a direct resistance to tensile stresses apart from compression and friction. 

Refer to other examples in the room of bodies in tension. 

Compression.—When we so press on a body that we make it occupy a 
smaller space we are said to “compress” the body. That is, a given quantity 
of matter is mode to occupy a smaller volume; hence it becomes denser. 
Forces which tend to compress bodies are known ns compressive forces, and 
the Ixxly so compressed is in a state of compression. 

Kxperimenit. —(u) Take a piece of soft wood, and, having earefully 
measured its thickness, fix it in the vice and screw it very tightly. Undo 
the screw and measure the thickness again. What do you notice? Why? 

(6) Deliver a few heavy blows with a hammer on the surface of a piece of 
soft wood. Where is the material that originally ttlletl the hollows mode by the 
hammer? What has been done to fibres of the wood struck by the hammer? 

(c) Take the point of the hammer, and, rubbing in the direction of the 
fibres of the wood, so form a groove. What has been done to the wood where 
the gioovo is so foimerl ? 

((f) Take a piece of wood about fi in. by J in. by J in. and fix it in the 
cramp with its ends against the Jaws, and tighteis the screw. What causes 
the piece of wcsxl to bend? „ 

(r) Deliver a heavy blow with the mallet on the handle of a chisel. What 
happens to the fibres of the chisel handle? What happens to the fibres of 
the ,mallet head ? g ^ 

Explain whydt is that mallet heads often split after being much used. 

. (/) Drive a large nail into a piece of wood #ind then split the' piece of 

wood so as to show the effect of the nail on t^e fibres of the wood. What 
ettecl has the nail on tke fibres of the wood? 

Refer to examples in roon! of bodies in a slate of compression. 
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CHAPTER XII 

Geography of Manual Training 

General. —Trees, like animals, are found growing in nearly all parts of 
the world, and just as we find eharacteristic animals so do we find 
characteristic trees in the various parts. From the northern snowline to 
the southern snowline vegetation of some kind exists, and from sea level 
to the snowline of the various mountains of each and every country there 
is vegetation. 

The very existence of man depends upon the existence of such 
vegetation, and the comfort of his dwelling is dependent upon the trees 
found, for in every part of the world where man exists we find him 
adapting timber to his needs in framing his houses, and in providing 
furniture and utensils for use in the home. Even to-day, when we live 
in what might be termed the “Iron Age", we cannot do without timber. 
The natives of the tropics, whose habits and customs are of the rudest, 
and who provide themselves with little or no clothing, yet find it necessary 
to provide themselves with shelters for protection at night. These have 
a rough framing of wood and a covering of mud, grass, or leaves of some 
kind. 

Consider, too, the <)uestion of fires, and think of the enormous <juantities 
of Wisxl consumed for the purpost; of providing warmth and for cooking 
food. 

In many countries nothing but wo<sl is used in the construction of 
houses, and wo(sl forms the chief kind of fuel. 

We are so familiar with its use, and consider ourselves so well supplied, 
that we take little heed of the sources of supply, and think but little of the 
provision for the future. This is an erjor for which future generations 
will some day suffer. It is essential that the question of forestiy receive 
more attention than at present. It is in the manual-training lesson that 
much be done to encourage |an interest in this question, and, the 
scholata led to take up the planting of treea 

Migfritlon ff Ttew. —^rees, unlike animals, have not the power to. 
move about in search of fo^, or to clihnge their habitat if the prevailing 
conditions are unsuited to growth. • Where they are bom there they live 
and die, entirely at the mercy of circumstances. Should the sail contain 
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tho necuBHary food elements, should tlie climatic condition prove suitable, 
they may thrive; if these fail, death may take place. 

Whilst the trees themsidves luivo no power to migrate. Nature has 
made womterfiil provision for the distribution of trees to all parts of the , 
world. Examine the seeds of diflercnt trees. Is it not the case that many 
are provided with a wing-like or/Jowny ap{>ai'atus which enables them to 
float in air and thus bo carried from place to place by the agency of the 
wind? Do wo not Knd that seeds form the staple food of most bird.s, 
who carry them many miles to their nests, dropping many or even pa.ssing 
many through thtdr sysksm in an undigested form? Is not this a favour¬ 
able means of transferring seeds from the fertile lowlands of a country 
to the upixsr and more mountainous regions? Again, do we not find that 
many .seeds float in water, and hence are carried along by any tiny little 
stream os well as by the mighty streams and vast oceans? Seeds thus 
transferred are at the mercy of the elements, and, for the few that fall 
on suitable soil and survive, many millions perish. 

Man has now l»come the great distributing agent. We find him 
rearing young plants in protected situations, and later transferring them 
to the less - protected open spaces he wishes to cultivate. We find him 
taking trees from one part of the globe and transplanting them in another 
part, watching and tending them, and doing all w'ithin his power to enable 
such transplanted trees to adapt themselves to the changed environmenta 

Indigenous and Exotlo. —It has been stated that trees, like animals, 
are characteristic of certain localities. Where tree* are found growing 
naturally or forming part of the original flora of a country they are said 
to be indiije7wu» (indigenous = originating or produced naturally in a 
country or climate), but in oases where they exist, but it is known that 
they have lieen transferred by man to such countries, they are said to be 
fxotic (exotic = introduced from a foreign country). If we are to take an 
intelligent interest in the question of timber production, sources of supply, 
and commercial value we shall at once be led into a study of the geography 
of the world. We must pass in review each country, studying carefully its 
cliivate, soil, rainfall, rivers (whether inch rivers are navigable <or other¬ 
wise), coast line, people, animals, and even its railway systems. This in 
i^lf would form a complete study, yet somehow time inttst be found in 
our manual-training lessons to “point the way\’ to such an interesting study. 
Only the fringe can be touched in this work. 

■a . 
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EUROPE 

Europe is one of the five continents into whicli the land of the globe is 
• divided. It has an area of shout 3,7p0,000 at), ml. It is diviiled into many 
countries and is inhabited by various races of people, with different habits, 
customs, and language. The population is estimatetl roughly at 400,000,000. 



, IIB 

• * ^ * 

Clim,|TE.—T he climate of Europe is very variable. Tlie variability is 

largely due to its position •relative to the various seas which surround 
the peculiar arrangement of|the mountain chains, which, running east,and 
west, do not offer any imp^iment* to the winds* and currents borne in^^ 
from the Atlantic and the large inland seas. * ^ 
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III the northern area the winter is extremely cold, lasting for about 
aiine niontlis, ihtriiig which time the rivei-s and seas are frozen over and 
vegetation is at a standstill. The summer, which is short, is, however, 
conipariitivcly hot, and vegetation progi’esses rapidly. 

The southern area enjoys an exceedingly fine climate, snow and frost 
are seldom, it ever, seen, and vegetation flourishes uninterruptedly. 

In the central area the four seasons are more nearly uniform in duration. 
The winters are cold, hut not so excessive as in the northern regions, whilst 
the summers are warm, and vegetation conforms to these seasonal changes. 

Son..—The soil throughout Europe generally is very fertile, and trees 
are found growing in practically all parts except the Steppes, which consist 
of low, treeless plains. 

Rainfall—B y virtue of its surroundings and the arrangements of its 
mountain ranges, Europe is abundantly supplied with rain, which is. to a 
great extent, uniformly distributed throughout the various seasons. In the 
southern area, however, whilst the rain is abundant iluring the thi-ee winter 
months of the year, there are often long droughts during the summer. 

Riveils.— Europe is abundantly supplied with rivers, and these play an 
important part in serving as waterways for the transport of her commerce, 
of which the supply of timber forms an important part. 

The chief rivers ara shown on the accompanying map. Tliey are:— 

Volija and l/nil, which flow into the Caspian >Sea and drain an area of 
850,000 mj. ml. Danube, Dniester, Dnieper, Don, which flow into the 
Black >Sea and drain an area of i)00,000 sq. ml. fider, Vistuhi, Niemen, 
Dirhia, which flow into the Baltic Sea and drain an area of 900,000 sip ml. 
Rhotie, Kbro, Po, Tibe^’, which flow into the Mediterranean and drain an 
area of 250,000 sq. mi. 

There are, of course, many smaller rivers, and though some are only a 
few hundred miles in length, yet they too serve as waterways, enabling 
timber to be brought from the interior. 

The Coa.st Line. —Europe possesses a greater extent of coast line, in 
proportion to its area, than any other continent. ^ There is approximately 
1 vih of coast line to every 190 ml, of area. This fact, coupled with 
the many navigable rivers, has largely contributed to her commercial 
. Hupnnnacy. With few exceptions the countries of Europe, have important 
towns on the coast which command the expert and import trade. It is 
not difficult to understand that such' towns are necessarily at the mouths 
of the various riven. 
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Principal Tubes.—I n the southern region the vegetetion in more 
tropical in character, but even this region produces such trees as the nak^ 
walnut, box, and mulberry. The central region produces the ash, alder, 
• beech, birch, chestnut, elm, hornbeam, holly, larch, lime, poplar, pear, willow, 
pine, fir, and many others of a leas important character. 

Principal Towns enuaueo in the Timber Trade. — Refei-ence to the 
map will show at a glance the general outline of the country, with its 
rivers and towns engaged in the export of timber. The details can Is! 
amplified by reference to the large wall maps. A map of the world is 
essential for every manual-training clivssroom, and should bo freely used 
during the lessons on timlrer. 

Forest Areas.—The British Isles at one time contained vast forest 
areas, but owing to rapid increase in the population these <|uickly dis- 
apjiearod; one of the finest now remaining is the New Forest. In .Scotland 
there arc extensive forests, especially in Aberdeenshire ami Inverness-shire. 

Norway and Sweden. —These countries are well woo<le<l and prisluce 
princijMilly pine, fir, bireh, maple, and some oak. 

Russia and Poland. —These countries produce enormous fpuuitities of 
tiinlsT. It is estimated that there are 200,000,000 ac. of cone-lssiring 
trees, as pines, fii-s, &c., in addition to which large (piantities of oak, beech, 
birch, maple, poplar, and hornbeam arc yielded. 

’I'he principal forests are in the north, aliovc latitude 6.5". 

Practically three-fourths of this vast area is covensl with forests, the 
prrsluco of which foriiwi one of the main sources of revenue to the country, 
The Government 8U]>ervisc the forest areas in onler to prevent waste, anil 
the arrangements arc such that certain areas are exploited annually and 
fresh trees planted, so that when the cycle has U'cn completed the first area 
is again ready for cutting. 

Many of the roods in Russia consist, of tree trunks stretching across the 
rood anil laid side by side for many miles ^corduniy roiuls). 

Few ash trees are found in this region. 

Pitch, turpentine, amj tar are largely eximrted from Russian jmrts. 

Oeramny.— It is estimated thatlabout one-third the entire area of ^.his 
country ip covereil with forests yielding pines, tirs, oak, ash* chestnut, horn¬ 
beam, poplar, elm, maple, beech, birch, lime, and walnut. 

Austria-Hunoary.—A re^ about 264,000 si), ml., of which about 8^000 
sq. ml. arc covered with forests, the charac^r of*the trees being similar 
to those mentioned for Europe generally. 
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IlEN’MAHK hoA but few forests, and an effort is being titUe to extend these. 
Holland is fairly well wooded and supplies the 'usual varieties of 
European woods. * 

France, whilst possessing numerous forests, has many demands upon 
its supplies, and therefore exports but little. 

Spain and Portugal have but few forests; they are, however, the chief 
countries whence are drawn the supplies of cork, obtained from the cork 
oak (Qimtcms 

Italv, whilst nut (xissessing many forests, is noted for its walnut 
Turkey. —In this country are found extensive forests of oak. walnut, 
sycHiiKue, Ix'ocli, chestnut, maple, box, and many fruit trcea 

.SwiTZKRI.ANI) abounds with forest trees, the principal being pine, fir, 
IN*, and beech. 

AMERICA 

AiiKuicii consists of two groat continents stretching from the Arctic 
region in the north to the Antarctic region in the south. The total area 
of these vast continents is about 16,000,000 sq. ml., with a population of 
over 80,000,000. These continents are subdivided into many countries. 
For the purpose of this work these divisions will lie treated os follows; 

( 'anaila. United States, Central America. South America. 

Canada. —Canada has an area of 3.654,000 sq. ml. and a population of 
aiiproximately 5J million, giving an average of about two persons per 
square mile. About one-tenth of this area, chiefly, that portion lying to 
the east, between the coast and the Great Lakes, is inhabited. 

Climate. —The climate is exceedingly healthy. Though extremely cold 
in winter the stillness of the air prevents undue inconvenience. Towards 
the coast the atmosphere becomes much more humid and the temperatt^e 
more uniform. • 

Soil. —This for the most pact, is extremely fertile, and trees are found 
growing in all parts except the central plain. 

' Rainfall. —Tlierc is an abundant rainfall, but this is very uniformly 
distnbutisl throughout the year. Much snow falls throughout the winter 
months, but this only serves to improve the condition of the land and the ^ 
.quality of the timber produced. <■ , 

R1VER.S.— Whilst this country possesses manv fine rivers, the chief water¬ 
way serving for the traAsport of timbllr is the St. Lawrence, including the 
Great I.ialn‘s, flowing into the Atlantic Ocean. 
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ilfthis waterway through the southern area of Canada • 
ted. The river, rising as it does in Lake Superior,, 


jjasses in an utftroken line to the coast, — a distance of over 1800 nil. 
, There are many rapids in its coui'se, but these have bt«n overcome by the 
fonnation of canals. The many lakes through which the river {msaes arc 
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fed by numerous smaller rivers, which, though not navigable for any great 
distance, ^ct servo for ^he transport|of timber from the more remote p^rts 
^ to thiit great commercial highway. The area thus drained is 380,000 sq. ml. 
The western co^t luie is vjry broken. The chief port lies to the south, at • 
the mouth of the Fraser River, i.c. V'ancfiuver. The Fraser River flows Jnto 
the Pacific Ocean. • • 

Coast Line. —While possessing a great length of coast line, the greater 
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portion lies to the north, and is frozen for the greater part of tHe year. 
The eastern coast, south of parallel 50°, possesses thy important porto of 
St. John and Halifax. The great commercial centres are' situated on the 
St. Lawrence, hundreds of miles from the coast, i.e. Queboc, Montreal, 
Toronto. 

Pkincii’al TKErai and For&st Akea.s. —The vast forests in this area are 
probably the most important and extensive in the world. More than one- 
half the total area is covered with these forests, i.e. appraximately 2,000,000 
s<|. ml. Canada annually exports timber to the value of nearly £6,000,000 
sterling. 

Trees. —This fertile region produces about sixty different kinds of trees, 
the timber of which has distinct commercial uses. The most important are: 
Pines, 6r, cedar, birch, maple, oak, beech, ash, elm, poplar, hickory, butter¬ 
nut, black walnut, and many fruit treea 

lA’MBERlNa. —Tliis term is applied in a general way to the timber in¬ 
dustry. Men engaged in this work arc known as “ lumbermen". During 
the autumn months lumber parties are formed. They make their way up 
the various rivers, and select suitable places for pitching their camps. The 
work of felling proceeds during the winter months, whilst the streams are 
frozen. When the snow and ice begin to melt, the streams are swollen and'^ 
carry down the timber to the main streams, where the logs are formed into ^ 
rafts which float down the St. Lawrence to the various sawmills. They are 
then cut into s<|uarod logs ready for export. 

United Stat^ —The United States occupies the central region of North 
America, extending from parallel 49° in the north to parallel 2.5° north. The 
art'a is about million square miles, and the population over 76,000,000, 
roughly about 26 to the square mile. 

Climate. —In a region so vast almost every conceivable climate is exoaki- ^ 
enced. The northern area is extremely cold in winter, enjoying a climte 
much the same as Canaria, whilst, in the southern area the climate is all but 
tropical in character; here, too, the seasons are characterized by their two 
periods, i.e. the "wet" season and the “dry" season. The climate in the 
eastern countries and round the Gulf tf Mexico is verj' humid. , *• 

Soil. —The toil varies in a great degree, but in the main is extremely 
r fertile, and produces trees in great abundance. 

Rainfall.— In the great central region around the Mississippi valley the 
rainfall is evenly distributed throughout the yet^r, and a gr-eat quantity faUa. 
The highlands of the Pacific coast receive but scanty suppliea Whilst in the 
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Eastent and Gulf States there is an abundant supply, in a few of the Western 
States there is pra<;i^lly no rainfall whatever. 

Rivers. —This vatt area is extremely well supplied with water highways, 
, the chief ot which are the Mitmssipjn (Great-water) and Mutnouri (Mud- 
water), with their many tributaries, flowing into the Gulf of Mexico. The 
total length of these rivers together is over 4000 ml. They drain an area 
of IJ million square miles, or approximately one-seventh of the whole of 
North America, and they provide a waterway for steam navigation of over 
30,000 ml. The Missouri, which is an affluent of the Mississippi, has a 
length of 2900 ml. before it enters the Mississippi. 

Other rivers flowing into the Gulf of Mexico are the Rio Omnde, Volonido, 
and Alabanui. 

Many smaller rivera drain the eastern slopes and flow into the Atlantic, 
the most imjxirtant being the Vmnetiicut, Hudmiri, SuM/uelianna, Potomac, 
Roinwicc, Santee, Savannah. 


Draining the western or Pacilic slope, and flowing into the Pacific Ocean, 
are the Columbia, Sacramento, Sin .foai/uin, Colorado. 

Coast Line. —The eastern and southern coasts are very extensive, and it 
is here that the chief ports are situate<l. They arc: New York, Boston, Phila¬ 
delphia, Baltimore, Charleston, New Orleans, Mobile, Savannah. The principal 
^ port on the west coast is San Francisco. 

Nole .—It must be remembered that whilst these constitute the chief ports, 
many smaller towns, situaterl at the mouths of the smaller rivers, are engaged 
in the timber and othej; industries. The exports are usually shipped to the 
larger commercial centres for distribution. 

Forest Area.s ano Tree.s.— The whole of North Ainei iea is divided into 
several botanical regions, each producing its own species of trees, which are in 
u^y ways distinctive in character. 

W. Lacustrine Region.^'Kis region comprises the basin of the St. I.*w- 
rence, extending to the northern limit of forest, comprising the eastern const 
to parallel 43” north, from whence it curves in a south-w'esterly direction to 
the Aileghanies, again rising in a north-westerly direction to parallel 60” north 
' in the I^cky Mountains. I • 

' Tlfe characteristic trees of this region are; Birch (five varitities), alder (two 
varieties)! poply (four varieties), fir (four varieties), pines (three varieties,* 
including rod'and white pineVjuniper (two varieties—junipers and re<l cq^ar), 
arbor vitae, yew, larch, mape (threb varieties), aslj (three varieties), elm 
(two varieties), oak (four varieties), lime (b»iewood), and red b4ech. The 
(c(ie) • 
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lime and birch arc very abundant, in some places composing entire forests. 
Hornbeam and ironwood, together with other trees, ar^Jess abundant, but are 
also found. . ' t 

2. Apinthtchiun Jtr.yiun .—This region extends south below parallel ,43", 
north, and contains all the eastern States as far west as the Mississippi and 
Ohio Rivers. It is extremely fertile in trees, yielding as it docs the follow- 
ing:— 

Pine (four varieties, including pitch pine), oak, chestnut, walnut, ash, 
hickoiy, willow, maple, logwood, buttonwood, apple, locust, tulip tree {Lirio- 
deitdron tulipifeni), live oak. 

The forest regions in the Mississippi area yield large supplies of cotton¬ 
wood, swamp oak, cypress, hickory, ash, plane. Juniper (pencil cedar or red 
cedar) is obtained from this eastern region. 

3. CampenlI'ian Heyimt .—This region comprises the. vast central prairies 
extending from Texas in the south to the Saskatchewan River (Swift-current) 
in the north (Canada). Trees are not plentiful in this region, a few being 
found in the vicinity of the rivers, and for the most part similar to those 
mentioned as characterizing the Mississippi portion of the Appalachian region. 

4. Rocky Mountain Region .—This region comprises the tablelands ex¬ 
tending eastwartls to the great prairies from the mountains. It is very 
barren, except for a few trees found on the banks of streams. These are"' 
chiefly cottonwood, and ti-ees of tjuick growth and sjxnigy fibre. 

а. yorih-weetern RegUm .—This region contains only the Oregon and 
Washington territories. This area produces trees of enormous size, owing* 
largely to the abundant suppliits of moisture and suitability of the soil. 
Amongst the trees produced in this district are the famous Oregon pines, 
often attaining a height of 300 ft. and a diameter of from 10 to 12 ft Oak, 
ash, spruce, hemlock, alder, maple, yellow fir, and cedar are also found. ,, 

б. Nevadian Region .—In the provinces of Nevada and California are 

found the giant redwood tree ^.quoia (WeUingUynia giganfeti), also pines 
and cedars of enormous proportions. || 

• 7. The Mexican Region .—This region includes the three southem^&tates 
of Arizona, Now Mexico, and part of Tegas. The trees produced in t^is 
are not particularly numerous. They are semi-tropical in character. ^ ' 

. From a survey of the above classification it, will bq seep m: Uie forest 
areas form exienaive belts along the entire extern and w res. 

'Alaekn .—The southern portion of this province contains Ini f(preeti^jiel# 
ing spruce, fir. hemlock, cyprels, cedar. 
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Cdambia .—The forests arc very extensive, aud yield mahogany, cedar, and 
various dyewooda. 

England annually hnports timber from the States to tin* value of almut 
21-million pounds sterling. 

Mexico, Central America, Cuba, West Indies. —This region, consisting 
of a portion of the mainland and the varioiis islands in the Carihljoan Sea, 
falls mainly within the tropics. The country is mountainous, and there are 
few largo rivers, though there are numerous small rivers which communicate 
with the interior. The climate in these regions is extremely moist and hot. 
The soil is very fertile. 

The principal timber trees are mahogany, logwood, lignum vita! (.lamaica 
and Rahama Isles), cedar (t'cdrehi txlumtn), Havana cedar. 

Mahogany is divided into two classe.-). That coming from the islamls 
(Spanish Mahogany) is close-grained and hanl, and contains a chalky sub¬ 
stance in the pores, owing to the fact that it grows in district.s alKainding 
in limestone. Mahogany from the mainland, known chietly as Homhiras 
mahogany, though straight-grained ami fairly strong, is mueh softer and loss 
durable in character, owing chiefly to the fiwt that it grows in swampy districts. 

The chief exports arc:— 

(o) Spanish mahogany, from Culm, Jamaica, Hayti. 

(b) Honduras mahogany, fioin Mexico, Ouatetnala, Honduras (Ihitish), 
Nicaragua, Costo Rica. 

The introduction of •this woo<l into the market is <|ulte interosting. The 
captain of a vc.ssol who was in the habit of visiting this region carried some 
to England on his ship. This was handed on to a cabinetmaker for the 
purpose of making a bureau. The etfect was so pleasing that the Duchess 
of Buckingham had some furniture made of the same kind of w<sxl. Thence¬ 
forth it became a general favourite for furnituremaking. 

MaXBQD OK Obtainino Honduhas >Hhooany. — About the month of 
August 'jlarties of men, usually alxmt fifty in number, under the charge of 
a cajltkin, and accompanied by a " huntsman ”, prweed to the forest. Having 
piA|hcd|hcir camp in a suitable locality, the “huntsman" climbs one o^the 
highest tpee^and locates the larger specimens The work’ of locating the 
traes an^ttiFMling the paity to such re,(|uires considerable skill, which the ’ 
i^buntameU" pawess in a liij|li degree. The best trees are soiight ouUand 
cqt Jtarn.JMieiimughly s<|uarcd and cut into.suitaWe lengths for transport 
forests. The men themselves drag the logs—which are’supported 
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OB tude trolleys—to the river laink or swa^y ground^ The logs are marked 
with the owner’s mark. This occupies the period during the dry season, 
which lasts from August to about April. When the rainy season comes on, 
the rivers ore much swollen, and the logs are floatiH to the mouth of the * 
river, where they are sorted and claimedrJtiy the various owners. 

Many other very astdul woods grow' to perfection in this region, but 
have not yet found a place in the market. 

South Atnorloft. —This vast continent stretches from latitude 12” north to 
latitude 65’ south, the area Ixung approximately (>J million .square milea 

C(.iMaTE.—Owing to the extejisive range of this country, all conceivable 
climatie conditions are experienctsl. 

Son.—Extremely fertile. 

Kiver.s.— Tliese are numeixms, the principal Iwing: (Jriiuxo, 

Aminmi, hi Plata, Cotonuln. 

Forest Areas and Tree.s.— The whole of the northern area, including 
those areas diaino<l by the Orinoco and Amazon, are to a great extent covered 
with virgin foiests as yet unexplored. It is estimated that the area drained by 
the Amazon and its tributaries approaches 2J million square miles, more than 
one-third the entire area of this continent. The length of this river is about 
3.600 ml., and, together with its tributaries, affords a waterway available for 
navigation for a distance of 50,000 ml. 

1. Venrtiwla contains vast forests in the region of the Orinoco. At pre¬ 
sent those are of little commercial importance. 

2. BriliDh Ouvina has an area of 109,000 sq. vil,, of which, it is said, 
99 per cent is virgin forest. 

'Fhe principal woods exported are; lajgwood, greenheart, zebra wood, 
“hyawa holly" {Omphatobimn LamberiH), lancewood, letU'rwood (Bronmium 
Aubletii\ 

3. Brazil has an area of nearly 3} million squate miles, the greatv part of 

which consists of virgin forests, which still remain unexplored. It is by far 
the largest forest area in the world. The chief timber trees are: Logwood 
(Htrmatoxylon), Brazilwood (CantalpinUi), rosewood, and mahoj^qy. Many 
others exist, but are not generally kn4wn or exploited. t. 

■t. Para, sitiiated at the mouth of the Amazon, is the chi^ spat of the 
' timber trade. British imports froin this country, including tmber, amount 
anmially to about f4,000,000 sterling. ^ 

.6. Kcaador, Peru, aVid Bgliria 600 !! contain extensive foiestJ, b«it their 
woods are little known in the commercial world. 
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6 . Painguay. — 'ly northei^’^-tion of tliis countiy is covered with 
forests producing a 'great vsijety of trees 

The extensive regions to the soutli of tlie continent are chiefly of a 
, pastoral character. •??' 

ASIA 

Space will not permit a full treatment of so vast an area, containing as 
it does practically one-third of the entire land surface of the globe. 

The area is about 17,300,000 sq. ml. 

Climate.—T here is a great diversity of climate, the vast continent falling 
as it does within three zones, i.e. frigid, temperate, torrid. 

The vastness of its land surface and tlie arrangement of its mountain 
chains materially affect the climate in various regions. 

Fohest Areas and Trees. —The surface is divided into seven distinct 
botanical regions, each producing its own characteristic vegetation, including 
foiest trees of many varieties. The regions are known os Siberian, Tartarian, 

Cashmerian, Syrian, Himalayan, Indian, and Malayan. 

1. Siherian. —The milder jwrtion of this region is covered with enormous 
forests yielding various trees, as: Inarch, birch, pine, &c. 

2. Tartarian. —Very similar in character to tlie Siberian region. Along 
the slopes of the Himalayan range the following trees are met with: Pines, 
oaks, ash, birch, poplar, cypress, hazel, and Indian cedar {CedrAa toowi). 

3. Cashmerian. —The principal trees are walnut and chestnut. 

4. Syrian. —For the, most part this is a desolate region, producing few 
trees of importance. 

6. Himalayan. —The trees of this region are for the most part dicoty¬ 
ledonous in character and are mainly deciduous. On the lower slopes are 
found extensive forests of saul and cotton trees of gigantic proportions. 

Ascending to the higher Aigions the climate is productive of such trees as 
pine, oalt, elm, sycamore, hornbeam, whilst ia the highest regions and extend¬ 
ing to the snowline is found a great variety of oak, together with poplar, 
yew, sycaiuire, birch. ^ 

6. Indian. —This is by far the moat important region for tiniber-produsing 
purpoAs. It includes India, Burma, Siam, Cochin-Cliina, andtUeylon. 

There *exi^ enormous forests, which are to a great extent swampy and ' 
exceedlllgly unhealthy, knowjp as the "jungle”. , 

Th^foTOwing are among the most important titnbers yielded:— 
j^Acacia, cedar (toona and deodar), coconut (Cocos nucifera), I'oSewood of 
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India (Dtdbergia Uilifolia), (dxiny (Dioapyi'og Ebenu-m), calamander (Diospyroi 
hirmln), thin>;an (Hopea (xlm'atu), walnut (JtigUins regia), ironwood^nga 
liiciila), Hatiiiwood. 

FtntHU of Jiurmn .—It i« estimated that in Lower Burma alone the^orest « 



n>({ioiiH cover 50',000 »q. ml., wliilat the extent of the foreata in Upppr Burma 
' is still unknown; they cover an enormous area* of country4 ITiese forests 
are ^nown chiefly for their teak, which is exp<^ied to all parts of the world. 
Over 200,000 tons of tfcak are taken ‘from the forests annually; of which 
that exisA-teil amounts annually to about X.'>00,000, I^owcr Burma supplies 
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about one-fifth of this quantity, the remainder being contributed by Upper 
BurqA and the interior, and brought to the coast by means of the Rivers 
IrawMi, Sittang, and Salween. 

Potlouk is another important wood obtained from tliis district. 

The elephant is the beast of burden used for carrying the trees from the 
interior of the forests to the streams. It also plays an important part in 
carrying out work in connection with the sawmills, such as carrying timber 
to the saws, pushing the logs through the mills, stacking and arranging the 
■sawn planks. This work the elephants perform with an intelligence which 
is little short of human. 

The principal porta engaged in the industry are Rangoon, at the mouth 
of the Irawadi, and Moulmein at the mouth of the Salween. 

Ceylon contributes many ornamental woods to the market, but these are 
in moat reflects similar to those coming from the mainland. 

Andaman Iden supply large quantities of padouk, also known as Andaman 
redwood. Convicts are largely employed in the work of clearing. 

7. Malayan .—^This region comprises the many islands situated under the 
etjuator. Camphor trees are the chief product of the forest, whilst the moun¬ 
tain regions produce certain varieties of oak and pine. 

AFRICA 

This vast continent has an area of about 12,000,000 s<i. ml., practically 
one-fourth the land areji of the globe. There is an unbroken const line of 
16,000 ml. Considering the enormous extent of the coast line there are but 
comparatively few porta 

■* Climate. —The greater part of this continent falls within the torrid zone, 
and the climate is exceedingly hot, and, in some parts, very dry. For the main 
part there are two seasons, a wet and a dry season, though little or no rain 
falls in the Sahara region, and but little im Egypt and the Eastern Sudan. 

Soil. —A .great portion is exceedingly barren, and it is only in those parts 
which are well watered ^bat the soil can be cultivated. * 

Rivers. —Africa, compared with oUier countries, is very poorly supplied with 
rivers,'and those there are do not serve as highways of comnterce as in other 
cfjuntries, the cutrenb being either too rapid or impeded by rapids and cataracts. • 

Forest Area.s aKD Treeji —Tlie e<iuatorial region and the south, wjiere 
the rainfall is abundant, are well provided with forests containing valuable 
timber trees. * 
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It is estimated that more than a million square miles are covered with 
forests producing, among othei's, such trees as aca(;is, ebony, ironwood, African 
teak, and mahogany. On some of the higher plateaux cone-bearing trees, 
as yew and jiiiiiiwrs, are found. The equatorial forests abound in trees , 
yielding rubljer, which is of the tinest quality known. 

The central forest regions are: Upper and Lower Guinea, Senegambia, 
•Sudan. 

There are extensive forests in the south of Cape Colony (Knysna forest). 

UiAtnty, Natal, Nortlcem Tra-MOiutl .—The timber produced in this 
region is for the greater part exceedingly hanl and tough, and is worked only 
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with difficulty. It is apt to be very " shaky”, and tijere is a great tendency 
to warp during seasoning. One great point in its favour is that it withstands 
the action of the dry climate better than most imported wooda With the 
attention and care now being given to the question of forestry by the 
Forestry Departments of the various provinces, much will be done to improve 
the quality of the timber produced in these areas. • 

The wood now produced is usgd chiefly for wagon and carriage building, 
also for cabinetmaking purposea Among the most important are:— 

• Cape lancewood (assegai wood) or Cape ash, used chiefly for spokes, rails, 
and ^hafta I ^ 

Cedar booni,.a fairly soft wood which will not stand exposure—uabd for 
, Hoora , , ^ ‘ 

Els (red, white, rock), wagon building. , 

Essen hout, yields valuable tough timber much resembling elm. 

Ironwuod (black and white\ wagon axles, spokes, sleepera 
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Melk bout (inilkwood). 

Oliven bout (wild olive), furniture, fittings. j- 

Peer bout. 

Suffraaii bout. 

.Sneezew<xjd, costly in working. 

Stinkwood (Cape mabogany or walnut), for furniture, needs careful 8ea.son- 
ing. 

Geel bout (yellow wood), warps during seasoning and will not stand 
exposure. 

Oiihmt t'txiKl .—Timljer does not form one of the ex|)oilM of Africa, though 
many coiusider that valuable supplies will Ije derived from this soiiiee in the 
future. 

(XIEANIA 

Oceania consists of three great gi'oups of islands, known rest>ectivelj’ as 
(a) Malaysia; (b) Australasia; (c) Polynesia. 

Area.—A bout 4,000,000 .sq. ml. 

Many of these islands yield valuable timber, those Ix'longing to the 
Malaysian group being the camphor, sandalwood, elsjiiy, teak, and upas. 

Pol.VNEsiA.—Sandalwoo<l trees. 

Australia. —Australia produces many varieties of the euculyi)tus tree, 
known as gumwood. 

The district of Queensland products some excellent woods for cabinet¬ 
making purposes, such as weeping myall, sandalwood, imison tiee, bioad- 
loaved cherry, tulipwood, huon pine, cedar (Cedrelu austt'xilie). 

New Zealand. —One of the most important trees in this area is the 
Kauri pine (Dtimnuini amIndU). Red and silver birch, rata, black pine 
(Podocui'piis xpicutu), are also found. 

Methods of Transporting: Timber.— These are many and varied. In 
mountainous regions the timber is usuall^^ cut and dragged to the mountain 
torrents, into which, after marking it, it is hurlisi and carried thence by the 
stream to the lower regpona Here again it is sorted and formed into rafts 
which ^oat to the more distant p^pts. « 

Mountain chutes are sometimes constructed, consisting of tree trunks so 
arranged* as to^orm a slide, for the timber. In winter these are coated witU 
ice, and the timber travels iivith an evbr-increasing speed down the ^hute, 
until finally it dives into sSme lake or river. • 

In the Black Forest, on the smaller readlies of the Rhine, Rhone, and 
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DanuU“, Miiigla Io}>n iii’o Hoattx^S^wn until they arrive at the broader parts 
o[ the j)|p'eani, where tlsey Mi made into Niiiall rafts, which continue their 
course, {'uided by inelS with Wien the river again brc^ens out these 

siimller rafts are united into much larger rafts, usually occupied by a number , 
of men constituting" the "crew" necessary to the successful navigation of such 
a craft. 

In Hnssia the trees are cut in winter and dragged by horses to the nearest 
stream which is covered with thick ice. The logs are firmly fixed together, 
and when the spi-ing comes the ice melts and the rafts float down the various 
rivers to the ports. 

In Au.stralia the method ailopted is to so arrange felled trunks that they 
serve as roods over which the logs can be draggeil. 

N'liti’. — The above method of treating the subject of timber has been 
adopted as .serving more useful purposes by opening up to the .scholars the 
geography of the world in so for as it relates to manual training. As already 
.'xplaiiKHl, only the fringe of the subject can be touched in such a work. The 
subject becomes extremely interesting an<i fascinating when we study the 
life and habits of the peoiile engaged in the timlxir-producing indirstries in 
all (larts of the world. 

The orthodox method of describing each seiiarate wood in detail has been 
discarded as serving no useful purpose. The teacher who is keen on his 
subject will take an interest in collecting specimens of the various woods 
usisl for commereial purposes, and these arc invaluable if properly handled, 
(or by their means the scholars are enabled to ascertain for theinstdves all 
such information as relates to colour, weight, density, visibility of pore, visi¬ 
bility of animal rings, relative hardness, characteristic marking, &c., which 
i.s infinitely more important than volumes of such descriptive matter. 


CHAPTER XIII 

Metals used in Connection with Manual Training 

During the various lessons it will lx* observed that nails .and screws are 
node of iron; the various cutting tools are made of steel; the ferrules on 
he tools are made of bias-s. What arts these sulistances and how are they 
"btaiued f * 
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Iron.— The Ore —Iron is not found iij^free State (pure). It is mixed 
with other substances of an earthy charactei(,!tp^etlier yritli other i^lements 
which affect the quality of the iron protTilcedi^ This^i^ture is known as 
, iron ore. In order to separate the iron frpui 'fire eai'thy substances it has 
firet to be subjected to tlie process of roasting; or caldnin);. This process 
merely consists of driving off all the water and gaseous substances (carbon 
dioxide) from the ore, and fits it for the next pixx*ss. 

Smeltiku. —The roasttsl ore is next packed into a furnace known as a 
hUiat furnace (see fig. 107). The contents of these furnaces are arranged 
in layers. A layer of fuel is fimt in¬ 
serted, then a layer of roasted ore to¬ 
gether with a sulmtance which acts as 
a “ flux ” (lime or clay according to the 
composition of the ore), the object of 
the flux being to enable the earthy sub¬ 
stance to fuse and flow fieely when the 
heat is applied. 

The furnaces are fe<l by machinery 
with an extremely powerful blast of hot 
air, which causes the fuel to generate an 
enormous amount of heat, thus melting 
the contents of the furnace. 

The fluid iron, being heavier than 
the earthy matter, sinl^ to the bottom 
of the furnace. Arrangements are pro¬ 
vided by which the fluid earthy matter, 
known as slay, can be drawn off. At 
stated inteiwals the furnace is tapped 
and the molten iron is allowed to flow 
along channels in the floor, and fills moulda,constructed for the purpose. The 
main channel is known as the sow, and the smaller moulds which lead oft 
from the main channel g.re calle<l pigs, and the blocks of iron cast are kno^fn 
as pig igm. The furnace is never allowed to cool down, but day and night 
fresh layers of roasted ore and fuel are added, and the process of drawing 
off the stag and tapping the iron is continued. The furnace is allowed to* 
cool only when internal repairs become'necessary. ^ 

Nature op Cast Iron. —Cast iron is very brittle in character. This 
will readily be seen if some article made of this material is sifbjected to 
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heavy blows from the hammer. The brittleness of cast iron is due to the 
fact that it contairts carbon. It will assist in the understanding of this if 
the following experiment bo performed. 

AV/ierimei*/.—Take a piece of cast iron and a piece of good wrought 
iron. Fix the piece of wrought iron in the vice and with a smooth tile 
pnx:eed to tile its surface. Rub some of the tilings on the hand and notice 
whether the hand is blackened. 

Rep(!at the process with the piece of cast iron. Now we observe that 
the wrought iron tilings left no mark, but that the cast iron blackens the 
hand like the dust from the lead of a p<!ncil when it is sharpemed. This 
blackness is <lue to the carbon which the iron contains, and it is carbon 
which causes the iron to be so brittle. 

(JaiECTS MANUFACTURED FROM CAST IRON. —It will be Seen that somb 
of the planes and the iron spokeshaves are manufactured from thfs type of 
iron; but during the process of manufacture some of the carbon is extracted, 
thus rendering them more malleable, that is, less susceptible to fracture 
when hammered, or less liable to break should they be dropped. But they 
are still brittle in character, and care must be exercised in their treatment. 

Wroijqiit Iron — Kjyperimtnt .—Take a large nail and iK-nd it Ijackwards 
and forwards. Hammer the nail and show that it does not fracture. 
(Compare with the effect of hammering or bending a piece of cast iron. 

'Hie nail thus possesses the properties of “malleability” and "ductility". 
How are these produced ? 

Conversion of Cast Iroji into Wrought Iron. 
—Since the brittleness of cast iron is due to the fact 
that it contains carbon, if we are to overcome this 
brittleness the carbon must be removed. 

PUDDLINO. —The carbon is removed in the follow¬ 
ing manner: The blocks of cast iron are place<l in 
what is k,nown as a reverberatory furnace, os shown 
in fig. 108. These furnaces are so arranged that the 
iron is not directly mixed with the fuel, but the heat 
is thrown down* on the iron from the rocif of the 
furnace; this is necessary to prevent the iron' from 
' riR lie absorbing carbon from the fuel. The iron is thus 

, melted in a kind of pan. 

When the iron is melted the workihan in attendance takes an iron rod 
and, placing one end into the molten metal, commences stirring the iron. 
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and in this way masses of iron collect on the end of the rod which are 
called “blooms”. These blooms are taken from the furnace and placed 
under powerful steam hammers and hamn)ered into rectangular blocks, after 
• which they are passed through rolling rniHs and thus rolled into bars. 

This process is known as puddling, and by it practically all impurities, 
including the carbon, are removed. The bars of iron thus produced are 
known as wrought iron. 

Facmjotino.— The quality of the iron is still further improved by making 
up bundles of these bai-s (faggots), which are reheated and again hammered 
and rolled, thus giving to the iron its fibrous characUtr and making it 
extremely tenacious, ductile, and malleable. 

Experiment .—Fracture pieces of cast iron and wrought iron. Compare 
the crystalline nature of the fracture in cast iron with the fibrous appear¬ 
ance of the fracture in wrought iron. 

Welding.— A valuable feature of wrought iron is that two pieces can 
be joined by welding. The surfaces are heated to a state of fusion, they 
are then cleansed and brought quickly together and rapidly hammered, 
thus causing the fused surfaces to intermix and in this way to join. 

Nails, .screws, portions of the plane iron, and the grinding attachment 
are made of wrought iron. 

Steel. — Experiment. —(u) Take a piece of cast iron, grind it thin and 
sharpen it in imitation of a chisel. Test it on a piece of woo<l ami notice 
what happens. 

(6) Repeat above, using for the experiment a piece of wrought iron. 
What happens? 

Why do we not meet with the.so difficulties when using a chisel ? Why 
does not the thin blade of the saw fracture or permanently bend out of 
shape? These are made of steel. 

Conversion of Iron into Steel— E.rperiment.—Ta,ko a piece of steel; 
fix it in the vice; using a smooth file, proceed to file the surface. Test the 
filings on th« hand as was done with the cast iron and wrought iron. It 
will be found that it blackens the hand slightly, but not to the same extdht 
as did the cast iron. Why is thisj • 

Steel, is a form of iron containing a small percentage of carbon, i.e. 

1 to 1-2 per cent. The two chief methods for converting iron into stee^ 
are— * 

(а) From bars of wrought iron. 

(б) From cast iron direct 
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(k) Wrouiiht Iron to Steel. —The method employed is known as the 
'‘cementation process”. It consists of placing bars of ires in a specially 
eoimlnicted J^itiace. Charcoal is laid between the layere of bars, and the 
whole cover^in with char^l. Heat is then gradually applied, and 
the temperature raiwsj to about 1200° C., which temperature is maintained 
foi' about a week or ten daya This process causes the bars to absorb 
carlxtn from the charcoal (carbon) which surrounds them. When sufficient 
carixm has been absorbed—the amount varying according to the particular 
work for which the steel is intended—the quality of the bars being twted 
l>y taking trial lavrs from the furnace from time to time, the furnace is 
allowed to slowly cool down, the process of cooling taking about a weelc 
When the furnace is cool the bars are removed, and it is then found tw2 
they are covered with a number of excrescences resembling blisters. The 
steel thus prtxiuced derives its name from this blister-like appearance, and 
is known as “blister stool”. This form of steel is usually brittle. There is 
a want of uniformity in its structure, and it is somewhat crystalline in 
eharaeter. It is therefore again treated before being manufactured into 
articles of commerce. 

CunrerHion of liliater Steel into “Shear Steel". —Bars of blister steel are 
iHomd together in bundles containing four or dve Ijars. These are heater! 
to a welding heat anrl subjected to a process of hammering and rolling, 
thus producing "shear steel”. .Should the process again be repeated it is 
then known ns “double shear steel”. From this steel the simpler cutting 
instruments, as knives, shears, scissors, &c., are manufactured. For the 
lietter class of cutting instruments the steel undergoes a further process, and 
is converter! into “cast steel”. 

('onvereion of Blieter Steel into “Cant Steel”. —To accomplish this bars of 
blister steel are broken in small pieces, placed in crucibles, and subjected to 
heat sufficient to melt the steel. The molten mbtal is then poured into 
moulds and afterwards hammered or rolled into bars. This pi-oceas gives 
uniformity to the structure of the steel. From bars of this steel alf the fine 
erftting instruments arc produced, such as chisels, plftne irons, saws, &c. It 
must. Ire borne in mind that “cast steel” applies only to the method of 
prorlucing the sUtel, and docs not moan that the actual tools prodqced from 
<t are cast to their particular shape. • • 

(hf Conversion oe Cast Iron uiBEcr to St^eel. —This is usually accom¬ 
plished by what is knoW-n as the Bessemer process, the resulting product 
being a mild form of steel how to a great extent taking the place of 



METALS USED IN MANUAL TRAINING 


127 


scores 


wrought and cast iron. Whilst it is not a form of steel with which wo are 
particularly consamed from a manual-training point of view, yet it is of 
such great importance to the metal-working industries t^at a brief 
^ descriptiou will not be out of place. 'V '-‘ ■M'' 

The BeSiSEMEK Pkocesw. —This process fs’carried out in a vessel calle<I 
the “converter”. The converter consists of a somewhat “bottle-shajie*!” 
vessel having the neck inclined to the body. It is constructed of iron 
lined inside with a Hie - resisting material “ganister”. The vessel is 
supported on trunnions testing on supports, and so arranged that the 



ng. i(» 

vessel can be tilted to^any angle. The Ixittom of the converter contains a 
number of holes, “tuyeres”, through which air can be forced (fig. 109). 

The iron to be treated is first melted in a cupola, or is le*l direct from 
the blast furnace into the o^ten neck of the converter, which has Ixien tilted 
over to receive the charge. The converter is then turned into an upright 
position and hot air forced-through the molten metal in the interior. During 
this process enormous quantities of sjiarkj and flame issue from the open 
end of the vessel. The oxygen containeil in the air, as it passes through 
the meial, unites with the carbon and is thus driven off as carbon monoxide 
(CO). When the spartes cease to Ije given off, and the flame become^ less 
intense, the blast is shut off and the vessel again turned down and a 
definite quantity of molten, iron rich in carbon, “ spicgeleisen", is added , 
The converter is again liaised to the upright position and the ^ded 
metal thoroughly mixed witfi the crfntents of the eenverter. 

The converter is then turned down and the metal drawn off into ladles • 
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from which it is again poured into the various moulds, either (OT-rtbe 
purpose of castings direct or for forming blocks to be subjj^uent^ 
liammercd and rolled into plates, bars, &c. 

Propertles of Steel. —We Have seen that cast iron is hard ulA brittle, , 
also that wrought iron is comparatively soft and ductile, nCitlKr metal 
ls>ing suitable for the manufacture of cutting instruments. Steel, hoii^er, 
l«)ssesses remarkable properties which enable it to bo brought to afiy aegreo 
of hanlness, at the same time retaining its toughness and flexibility. The 
proce.ss by which the desircsl degree of hardness is given to steel is known 
as “ tempering”. 

Hardening And Tempering. —The tool having been forged and ground 
to the re(iuired shape is next hardened and tempered. In order* Jo 
accomplish this the tool is first heated to a dull cherry-red colour and 
suddenly cooled by immersion in water or oil. This process causes the 
l(s)l to become exceedingly hard and somewhat brittle. In this state it 
would bo too hard for ordinary cutting instruments. The degree of hard¬ 
ness is reduced in the following manner. 

The surface of the steel is made bright, and then sutijected to a gentle 
heat which causes a film of colour to appear on the surface. The particular 
shailo of colour assumed by this film indicates the degree of hardness which 
the steel will possess it cooled at that particular stage. When the desired 
shade of colour apiwars the tool is again cooled by immei'sion in water or 
oil, and is then ready tor use. 

The following table indicates the range of such colours:— 


C«>lour of Film. 

Temperature 

{V). 

Natiire 4»f 

Very pdo straw yellow 

430° 

Surgeons’ lancets. 

Metaf cutting tools. 

Darker shade of yellow 

440° 

Metal cutting tools and razors. 

{)Hrker straw colour 

470° 

Penknives. 

. StiU darker straw colour 

490° 

Cold chisels, wood-boring bits. 

Brownish yellow . 

600° 

Plane iruns, chisels, saws. 

Ytllow with pui'{>lu tinge 

520° 

Stone-working tools. •' 

liight purple 

530° 

Swords, waten springs. 

Dark purple 

Dark Wuo . 

550° 

»>70° 

Too.ls for cutting sandstone, 
saws. 

Pa‘}e blue 

600’ 

Hcnd saws, pit saws, i&c. 

Pale blue with green tinge 

630’ 

Try squares. 
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AlijOY.—B rass is not a pure metal but consists of a mixture 
of two'HMtala The particular metals used are sine and copper in the pro¬ 
portion tnl zinc tZn) 1 pwt, copper (Cu) 2 parte by weight. When metals are 
• mixed iifl^ manner the resulting product is eallc<l an “ alloy". 

PREPWAtlON OF Brass. —The metals to be mixed are carefully weighed 
in tltS^boy^ proportions. The copper is then cut into small pieces and made 
hot-aira placed in crucibies which are then inserted in the furnace. When 
the copper is thoroughly melted the zinc is carefully inserted, and as it melts 
it is-Stirred into the copper. When all is melted and thoroughly mixed the 
crucible is removed from the furnace and the contents run into moulds. Care 
has to be exercised during the pi'oce.ss of inserting the zinc, as this metal is 
vSty volatile when in a molten condition. 

Sheet brass is produced from the ingots by {wssing them lx;tween steel 
rollers. At each stage of the lolling the sheets are annealed. 

Annealing consists of making the sheets hot and suddenly ctxiling them 
by plunging them into water. 

Wote.—Whilst this method softens copper anil brass, it is worthy of note 
that the same process hanlens steel. 

BRA.S.S P0S.SE.S.SE.S MANY UsEKUL y,i;ALITIE.s.— (ii) The well-known golden 
colour is pleasing and characteristic of this metal. 

(h) It is hanler than either of the metals of which it is composed, ami 
therefore weare better than those metals. 

(e) It is capable of receiving a very tine polish, and is less liable to 
become tarnished than popper. 

(d) It does not rust (oxidize) when cxp'ised to the action of water. 

■(e) It is very ductile, and can be beaten into any shajK'. The process of 
hammering causes it to become brittle. It therefore ref)uires annealing from 
time to time. 

(/) Brass cannot be welded, but the surfaces may be joined by solder, the 
solder ifi such cases consisting of a mixture af copper and zinc, having a lower 
melting-point fhan the metal to Isj joined. 

Very delicate castings can be made in biass, owing to the fusibility of 
the metej. • • 

CoVp6r.—Copper, like iron, is usually found in the form’ of an ore, that 
is, the copper ia mixed with other substances. This mixture takes various * 
forms, as:— • » 

Mijcfd with oxygen, known as red and black oxides of copper, and yield¬ 
ing from 80 to 88 per cent of copper. 

(CMD) 
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Mixed witlii.J^tdphui' and Earthy Matter. —This form is known as sul-^ 
pliiile of copper and occurs in the form of “pyrites", yielding from.80 to 
80 i>cr cent of copper. • % 

Mixed with C'arb<m aad Earthy Matter. —These ores are especially lieauti- , 
ful in colour, varying from emerald green to deep blue. Tliey are known 
ri!s|)ectively as (a) (Ireeii Malachite, (h) Blue Malachite, and yield from 50 to 
00 per cent of coppi^r. 

Cupper is sometiines found in a pure form. It is then known as “ native 
copper”. Largo masses weighing many tons have been discovered In the 
United States of America. 

PBOCE.S.S OF Extraction. —By reason of the various forms in which the 
ores occur, many ditferent methods have to bo adopted in keeping with tfie 
nature of the ore to be treated. Space will not permit of dealing with these 
processes fully. The main outlines of the piocess are as follows:— 

1. Calcining. —For this purpose the ore is placed in reverberatory furnaces 
and roasted. During this process the ore is raked over from time to time, air 
is lulmitted, and in this way much of the sulphur and other impurities arc got 
rid of. The amount usually treated is about 3 tons, which occupies about 
a day. This process is carried out at a low temperature. 

2. Melting the Ore. —After roasting, the ore is mixed with other ores con¬ 
taining a considerable ipiantity of oxygen. The mixture is placed in another 
reverlxwatory funiace and subjected to a much higher temperature in order 
to melt the mixture. The molten copper sinks to the tloor of the furnace, 
which slopes towards an outlet. When two or three charges have been thus 
treated the furnace is tapped and the molten copper allowed to drait) out 
into a tank containing water. This causes it to assume a granulated fmin 
(small lumps). The metal thus obtained is still very impure, containing about 
30 per cent of coppcT, the remainder consisting chiefly of iron and sulphur. 

3. Recalcining. — Tlio metal ubtsine<l from the last process is again 

placed in the furnace and roasted at a low terapeiature for about twenty-fopr 
iiours. During this process some 50 per cent of the contained sulp^^ is 
di-iven otf. , 

4. Renwlting. —After roasting, the g-anulated metal is again mixed with 
rich oxides and the w-holo subjected to great heat. The molten metal is 
again drawn off. .Sometimes it is cast into blocks, when it is known as. 
"blue” metal, or it may be IreatM as befoi^ i.e, granulated, when it is 
known as “ fine" metal. The metal now contains 60 per cent of copper. 

a. RmUting and Fusion. —The "fine” or “blue” metal is again roasted 
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and fused in specially constructed furnaces. Air is freely^niitte<l into the 
furm^ chamber. The process of melting occupies about eight hours. The 
slag wiich accumulates on the top of the metal is removed. The metal has 
, a boiling appearance duo to the escape of sulphur dioxide (SO,), formed by 
the union of oxyg<m with the sulphur contained in the metal. When the 
process is complete, usually from twelve to twenty-four hours, the metal 
is again cast into blocks, which have a blistered appearance caused by the 
escaping SO,. It is known in consequence as “ blister copper", and contains 
abouf 98 per cent of copper. 

6. Refining and Toughening. — Once again the blocks (pigs) of copper 
are placed in a furnace and slowly melted and the surface exposed to currents 
ot air. Samples of the metal are taken from time to time during this process 
and tested. When the metal is found to lx( tough and malleable it is removed 
from the furnace with ladles and cast inte ingots rca<ly for the market. 

Refer to characteristic colour of copisr, its many properti(w, and iises 
to which appHed. Copper costs approximately £70 per ton. Weighs ap¬ 
proximately 550 lb. per cubic f<K)t. .Specific gravity 8'8. 

Rote, —The above process will servo to bring homo to the scholars the. 
diflficnities involved and the exp<‘nsivo character of reclaiming co[)per fivuii 
the ore. Much copper ore is found in .South Africa, but owing to the cost 
of railway transit, shortage of coal in the regions where copj»er abounds, 
excessive coat of labour, and distance from s<!aports, it has not yet Isicn foun*l 
possible to work these ores profitably. With reduced workitig costs ami 
the rapid development pf electrical science this may at a future date beconu' 
one .of Africa's important industries. Many other valuable subsUiices m e 
fotulld associated with copjs'r, but these canmjt be treated in this work. 

Zlno.— The Ore.— Like iron and copper, zinc too is bnind nss(sdated with 
other substenccs in the form of ore. These are known by difierenl names 
according to their particular conijawition. 

• * (a) Red zinc ore (spartalitc). * 

• (h) Calamine (carbonate of zinc). 

(e) Blende (black jack or zinc sulphide). 

• * . . 

KIxtraction l-TtOM THE Okk.—C dcia/ufy.--- Tire ores are first roasted in 
a similar manner to that described for copp<'r ore. 

DiafiHrttion.—The roasted ore is crusbed and mixed with anthracitedhard 
non-caking coat), small coke* and other substances. • The mixture is damped 
and placed in specially constructed crucibles. These crucibles rfre stacked 
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ill a chanilier connected with a furnace; they are arranged in tiers and 
slightly inclined. The lower end of the crucibles are fitted with a simple 
device for condensing the metallic vapours given ofi". 

After packing the chamber, heat is applied to the crucibles and fumes , 
of a brownish colour issue from the openings. These ore succeeded by 
greenish-white flames. These flames are characteristic of zinc. The metal 
is collected from the condensers at intervals during the process, which occu¬ 
pies about twelve hours for each charge. 

The metal is cast into ingots and is rcoily for the market or for further 
treatment. 

Purposes Serveo.— Zinc i-esists the action of water, that is, it does not 
rust like iron. It is therefore used tor coating iron in order to prevent it 
from rusting. 

Articles manufactured from iron are. coated with zinc. Care having Is'en 
taken to see that such articles arc thoroughly clean, they arc then dipiied 
into a bath of molten zinc. Examples of this will be found in tho galvanized 
iron used for buildings, galvanized nails, linings of saucepans, jrc. 

Wo have already seen that when zinc is mixed with copper, brass is pro¬ 
duced. 


CIIAFI’ER XIV 

Notes of a Lesson on Glue, its \fanufacture and 
Preparation for Use 

Rcf/ttimi /or the Lemni .— 

Cakes of glue, various kinda 
A few sweets, jellies, i.e. jujubi'a 

Cake of glue which has soaked in cold water for a considerable time. 

A glue js)t containing glue, ’ 

A glued joint, two pieces butt-jointed. 

Pieces of wood; some porous, some den.se. „ 

IntroduetioB.— Suppose we wished to jojii two ^ces of wood together without 
using nails, or screws, or atiy "metallic” fastenings whatever, what substance could 
be used t '■ Glue ’’ 
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Composition of Qlur. —[Exhibit a cake of glue.] What fa the name of thia 
siibataiicel Let ua eiiileavonr to find out what glue actually ia. 

[Exhibit some glue from the gino pot, which h;i3 been Ixiiled and cooled into a 
jelly.] What ia thiaJ 

Von are all very fond of aweeta. There ia one claaa of awect which yon pnrchaae 
which ia aoft and can be atretched. Name? Prol>ably yonr inothera make nice 
jelliea for dinner at times. From what snbatance are those jellies prepared 1 “ (ilela- 
tine.” [Explain; (line is nothing mote than a strong form of gelatine.] Would 
you like to eat this glue if it were made into a jelly? Why not? "Jjess pure than 
gelatjpo used for household purposes.” 

Sidistmices yielding Glue. When l)ones are Ixiilcd in the soup, what happens to 
the soup when it cools? What causes it to form into a jelly? Where did the 
necessary gelatine come from? Nitme a substance which is obtained from Iwnes. 
If the bones of an animal contain gelatine, is it not reasonable to snpiM>Be that 
other {tarts also will contain gelatine? 

You nil like looking into a farrier's shop, Pt watch the man shoeing horses. What 
is the condition of the shoo when it is first placeti on the hoi-se's hoof? What have 
you noticed about the odour of the smoko given off? Burn a small (tioco of glue. 
Can you detect any similarity between the odours? Of what substance do you sup- 
|K>se the hoofs are comtxtsed? You have all seen the horns on a cow and on various 
other animals. Of what substance do you supiwse they are com()ose<l ? What might 
the horny {mrts of all animals lie used for? “Manufacture of glue.” [Explain: All 
animal refuse (ofl'al) which contains gelatine may bo used in the inaniifiwture of glue.] 

How MANUFAf.Ttiitui).—What must bo done to all this refuse in order to extract 
the gelatine, i.o. glue? [Elicit: “Boiletl”.] What must bo done, besides Imiling, to 
get rid of all the impurities, i.o. pieces of Ixine, lum|», &c. ? “ Strained.” Examine 

the surface of this cake of glue. What do you notice about its surfiujo? Of what 
does the sha{)e of these marks remind you? “Wire netting.” Are there marks 
on both sides of this cake? If this cake were laid on a piece of netting now, would 
the surface Ijccome markcil ? What must have liccn the condition of this cake when 
these marks were made? What reason can you suggest for’laying the aoft cakes of 
glue on the netting? “To dry.” [Explain: Offal Imiletl in large boilers; liquid care¬ 
fully strained off; pressed into large moulds; cut into cakes; laid on netting to dry. 
Exhibit various kinds; name them. English, French, Scotch, &c.] 

Gi.ue Ansomis Moistube—Does not Dissolve. —[Exhibit some glue which has 
lieen in cold water for a numlier of hours.] What do you notice about this glue? 
[Elicit; “Soft, much swollen”.] .Sup{»oae sugAr or salt were placeil in water for a 
number of hours, what would hap{)en to it? Would it swell? [Elicit: “Dissolve”.] 
What is the difference between glue “gelatine ” and sugar in this resficet? [Explatn: 
Sign of inferiority if gliio’dissolves. When good it absorbs largo ((Uantities of yater; 
swells veify much, but does not dissolve.] . 

Testieo <iCAI.lTY. ^Allow boys to wet fingers and rub on surface of glue.] What 
is noticed ? [Exiplain: Stickiitess a good sigg. Hold cake up to light, ulow class to* 
examine. Elicit: “Clear, but calinot be seen through”. Explain: Not “trani[»rent”, 
but “ 0 [>ai{ue ”. Call attention fo absent^ of spots, Ac. This, also, a good sign.] 

Inferioe Glue.—G lue that dissolves when placed in water, does not produce a 
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titicky Hiirfaco when rubbocl with wetted and is inferior in quality, or if 

vIoiKly and containing; specks or spots wW^Jw Asj^ hrongh to light. 

Tiik (1i,UE P<^.—[Exhibit glue pot ^ How many parts are 

there 1 What doeii the inner pot contsiti^^|H|i'..ti^outer potf The glue in the 
inner pot is 8ti|jp3|roW<iUi it be made fluid t Suppose 
there was on[y a«e pot containing the glue, and it was 
put direct over the nre, what would happen 1 [Refer to 
piece of glue previously burned.] What is the object of 
having water in the outer pot! 

Preparation tor Use. —What must lie done to this 
cake in order to get it into the inner pot) [Elicit: “ Mioken 
into small pieces", Explain: (lood plan to break into 
small pieces, cover with cold water, and leave it to soak 
for a number of hours before required for use.] 

Test of Readiness tX)R Use.— [Ask class whether 
they think it would answer to use the glue in the form 
of a very thick jelly, or thin like water! Exhibit ^lue 
ready for use, and let them see how that the glue just 
runs freely from the brush, and does not drop in lumps.] 
Strenoth of Glued Joints.— [Have ready a short, 
well'di'ied gltieil joint. Endeavour to break it, thus demonstrating fact that the 
joint, if well made, is stronger than the wood itself. Call attention to weakness 
if too much glue be used.] • ■ 

Adhesive Nature. —lait us endeavour to discover why it is that glue fastens two* 
jiioces of wood together. What have we discovered concerning the luiture of glue! 
“.Sticky.” When two things stick together, they are said to “lulhere’’ together. 

Effeijt of Porks in Wood.—W hat did we discover to Ihi the nature of wood! 

[ Refer to occasion on which water was placeil on wooil.] “ Porous.” If water soaked 
into the pores of the wood, what can wo conclude will happen when glue is placed on 
the woou! Could pieces of glass or iron bo firmly “gluM” together! Why not! 
“Alisonca of pores.” Here are two pieces of wood [Exhibit specimens] one of 
which is soft, i.e. white pine, another very hard and close-grained, i.e. pitch pine. 
Which do you suppose will hold together liest when glued, and why! “ White pine 
softer, more porous; glue soaks in better.” 

ExuLUSIUN of Air. —[Explain: Close contact of fitting surfaces; glue causes 
exclusion of air lietween pieces; consequently the atmospheric pressure on pieces 
presses them together, and assists adhesive irawor of glue. Refer to experiment 
with wot leather sucker and string; nihlier disk with hooka for attaching to glass 
im shops.] 

‘ BLACKBOARD NOTES 

GLUE = Strong Grialine 

Maaafaotimd franvgnimal refuse containing gelatinej^ 

Horns, hoofs, skins. 

Boiled—Strained— Cut into slices—Hrieil on netting. 
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Kindt. —Numeroiia—English, French, Scotch, Ac. 

Test fhr ttnnlity.—Swells whenj^lpig^.Nl^eter—insoluble. 

Got*/.-—Sticky if nibRlIl —Clear—light—fr^ from sjjecks. 

Infeiior ,—Dissolves inf'q^ifl'SpMMy feel—Cloudy'—contains specks. 

Qlne Pot— Inner not—^ue. Outer pot—witer. Water prevents glue from burning 
Preparation for Ute.— Broken into small pieces—soaked in cold water-lioiled. 

Ready for TIte.— Run freely from brush—not thick - not thin. 

Reasons for Holding. —.Sticky nature—I’ores in wood—Evclnsion of air. 

Good #oint —Stronger than wochI itself. 

Make sectional sketch of glue |Hit on bl.acklionrd. 


CHAPTER XV 


Notes of Lessons on Screws and their Uses 

. Requiretl for Oie Lessons.— 

.Sample screws of varioits type-s, sizes, and metals; an ordinary .screw 
packet 

Call the attention of the class to various methods of fixing pieces of wood 
together, or fixing metal to wtxxl, and the urn; of screws for such purposes. 

Definition. —The screw is a form of nail used for fixing pieces of wood 
together, or for fixing metal to wood. 

The Head and Slot. —Exhibit a common wood screw, preferably a large 
one. How are these screws made to enter the wood! What instrument is 
used for turning them?* Where is the end of the screwdriver placed? 
“ .Slot.” Where is the slot, situattxl ? “ fii the head." What is the shape 
of the head? “Conical.” What must be ilone to the hole in which it is 
intended to place the sciew in older to accommodate the conical hea<il? 
Expl|L|L term “countersink’’ henceJieads of this particular shape are called 
"coummunk heads”. • 

tesADk Varv in Shaph—R efer to other shapes and exhibit sjiecimens^ 
as: "‘MHmd heailed ”, “ gothic^ headed ”, “ square headed ”. 

NO Surface of HPads. —Gall attention todifTerence between V-ar- 
tng surface on under side of heads, as; sloping in countersunk screws; flat 
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ill rouiiil-licadoi] and aquare-headed acrewa. Explain; aquare-headed acrewa, 
known aa " ooacli acrewa 

Qiieation coi^min); reaaon for thia difference in the siiape of the heada. 
(’oi'NTERsiKfK Hkaiih. —Tileae draw more easily into the wood and allow 
the heada to be turned in flush with the surface of the work. When used 
for metal the holes have to bo countersunk to receive them. Ask scholars 
to mention examples of the use of such screws. Call attention to examples 
in room, if any. such as hinges (butts), locks, window fastenings, desks, &c. 

Round-headed Scbew.s.— These are used for ornamental purposes. Fix¬ 
ing thin metal to wood. Fixing locks, Ixilta, &c., where the projecting heads 
would not prove a disadvantage. Call attention to the danger of countemunk 
heads pulling through it countersunk into thin metal plates. 

•SqUARE-HEADED SCREWS. —Coach screws. Exhibit specimen. Refer to 
great strength and use for heavy work. Call attention to absence of slot. 
Why is this? Explain; The screwdriver is not strong enough to turn such 
scrow.s, hence the heads are square in order that a "screw hammer” or 
" spanner ” may be used. Call attention and demonstrate the greater leverage 
ottereil by such tools. In this connection it would be well to call attention 
to the leverage obtained by means of on ordinary screwdriver by virtue of its 
“ pear-sha|)ed " or elliptical handle. Long screwdriver’s affbnl mure leverage 
than short ones, owing to the fact that if the axis of the screwdriver be tilted 
slightly from the line of axis of the screw, the handle moves through a circle 
having a considerable radiirs, thus affbniing much more leverage than does 
a short screwdriver. 

The Shank and Thread.— What is the shape ot the top portion of the 
screw? "Cylindrical.” How does the bottom portion differ from the top? 
What is the V-shapwl ridge running round the lower portion called? Ex¬ 
plain; “thread”. Allow the scholars to examine the sharp edge of the thread, 
and compare it with an “ engineer's screw ”, i.e. setscrew or bolt. Why is the 
thread so sharp? Why does the^screw draw into the wood? In what direc¬ 
tion does the thread pass round the screw? “Spiral.” Allow the scholars 
tv hold the threaded portion of a screw between the thumb and finger, and 
turq it round in onler to understand the reason for this spiral twist 

Explain; The threads are cut by means of special lathes, if possible 
, exhibit a " blank screw ”, also some of the turnings. Sometimes a ‘blank and 
often small pieces of the turnings may be fovnd in the packets of screws: 
these should be kept for the purpose'of suchMessons as the present 

Pitch, or Thread. —Explain; The distance between the flanges 'is called 
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the " pitch The pitch d4tcrminea the rate of advance or entrj'. For every 
turn of tliH screw it advances a distance equal to the pitch. 

The Point. —Call attention to sharp-pointed eml. Whata^ the a<lvantaj;e 
of the point? Demonstrate ease with which such screws enter soft w(kh1. 

* File the point off a screw, and demonstrate necessity for boring a hole the full 
depth of screw. 

Compare old-fashioned, pointless screws with modern screws. 

Whole of Shank not Threadeo. —Question concerning the reason for 
not continuing the thread from point to head. This needs some e.xplana- 
tion. 

If screws were threadcsl for the full length of the shank they would 
advance through Ixjth pieces of wood at a uniform rate, and when the lieail 
reache<] its seating it would be impossible to further turn the. sciew. Should 
there be any space between the two pieces being li.xed, this could not he 
closed, and the pieces would not draw together. By leaving the top portion 
of the screw blank it is possible to continue turning the screw though the 
head has reached its seating, thus the lower piece of wckhI continues to draw 
olostT to the upper piece until the screw is quite tight. 

Demonstration.s. —An ordinary bolt and two nuts will serve to show the 
uniform advance of the parts until the first nut reaches the hea<l. 

Made of Different Metals. —Exhibit screws made of diffenuit metals 
as: Iron, brass, copper, iron galvanized. Question concerning the different 
metals used and reason for same. 

frmi .—Ordinary work, protected from weather, or where rusting of screw 
is not objectionable. 

Hmim and Copper.—-Ornamental work. Fixing brass or copjaw work. 
Situation exposed to damp, where the rusting of .screw woulil la> objection¬ 
able. 

Qalvanized Iron .—Work exposed to weather. 

Size of Scbew.s. —Exhibit several screws of the same length, but having 
different “ numbers ”. Call attention to (fifference in diameter. Refer to 
“ number " on screw packets. • 

Exhibit screws diffefing in length but having the same numlrer. ,Call 
attentiion'to uniform diameter of each though length varies. 

Explaih: The size of ^ screw is indicatisl by its length and number.. 
Higher numbers = greater diameter. • 

Advantaqe Over Common Naiiji.—R efer to method of <lriving nails and 
shocks accasioned thereby. Avoidance of shocks by use of screws. , 
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Refer to fltseeiwifyt wsoine casex, of frequently tailing work to pieces, ami 
tne JUicuItj^f tloingW if nails be used. 

Dilhonamt^ the grteate/P holding power of screws as compared with 
nails. 

HiniiT AND Wkonii Driving. —Screws should be turned in, not hammered. * 
Show effect of hammering a screw into a piece of woo<l. This can bt; done by 
■ cramping two pieces of wood tightly together, and 
at the joint entering two screws, one driven in 
with a hammer as at A, the other turned in by 
means of a screwdriver as at B (Hg. 111). 

Unscrew the cramp and separate the piece.s. 
('all attention to ruptured condition of fibres at A; 
the cutting effect of flange at B. 

" Overturning ” Screws. —Explain: Two evils 
likely to arise—(«) Screw becomes loose owing to 
the fibres of the wixxl surrounding the thread of screw becoming ruptured, 
i.e. broken and torn; {b) Danger of the hefuls being screwed off. These 
|>oints serve the purfKise of useful lessons in applied mechanics for more 
advanced classes. The following jKiints shouhl receive attention. 

(d) Demonstrate lifting action of the “ inclincil plane ” composing the 
spiral flange of screw. Show that it represents a thin wedge having a bast? 
etiiial to the is'riphcry of the .screw and an altitude ctpial to the pitch; that 
the wedge is driven forwartl with a foroe e((ual ft) the turning force exerted 
plus leverage of screwdriver; that the reaction of the flanges of the thread 
is at right angles to the surface of the thread; that the inclination of the 
plane being so slight such reaction is almost perpendicular, thus exerting 
sufficient force to rip or tear the fibres of the w'ood if they be soft. Further, 
that it the wood is hard, the same action takes place, but the fibres resist the 
tearing action of the flange. The head refuses to penetrate farther owing 
to hardneas of the wocsl, the result of which is to set up an enormous amount 
of tension in the screw, which, together with the torsion set up, causes the 
.smew to break at the top of the threaderl |)ortion. 

ib) Explain action as in previous case. If the screws bo "round-headed” 
the reaction on under side is perpendicular to the surface, and the heads are 
easily turned off. , 

Demonstration. —Where screws are made.of brass the metal is brittle 
in character, and the absence of ductility enables the heads to be turned off 
with great ease, (o) Break a brass screw and examine fracture, (i) Turn 
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a braas acrew into hard w^I, and allow one of tl 
head off. 


BLACKBOARD NOTES 

A Screw. — A spiral form of nail. 

Parti.— 

A. Slot. —Opening for screwdriver. 

B. //cad.—Conical—Countersunk — Rounil heads—Square 

heads, &c. 

I. '. Shuttk. —Cylindrical forming lower part of screw. 

II. Tliiftul .— Thin flange spirally arrangeil round shank — 

Cuts into wood—Causes screw to draw down (lives 
great holding power. 

K. Pilch. —Distance^tween threads. 

K. Point .—Screws enter more easily. 

Kindi. —Named after shape of head—.Metal from which mailc. 
Xetall Vied. —Iron—Brass—Copper. 

Sine indicated by length and “ number ”. 

Nambcr indicates diameter of shank. Same numlier = same 
diameter for all lengths. 

Advantage over Kaila —I^ess shock—Easily removed —Oreater 
bolding power. 
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Part II 

PRACTICAL PRINCIPLES 



INTRODUCTION 


Tlifi oVywt of the present section l>eing to bring U)getlier, in concise form, 
descriptions of tlic various tools used in the manual-training room, and as far 
as ix>saible to describe the method of manipulating each as applied to a pro¬ 
gressive course of exercises in woodworking, an endeavour has heen made to 
indicate the lines upon which lessons on the various tools may bo taken, in 
order to develop the scholars’ powers of ohservation and reasoning. No hard- 
and-fast lines can be laid down for such lessons, however, and the individuality 
of tlio teacher must bo brought into play. 

The illustrations have been specially prepared in sketch form rather than 
direct from photographs, thus rendering them more capable of repro<luction 
on the blackboard. Such sketches when reproduced on the blackboard are 
very striking, and readily impress themselves on the mind of the scholar. 

In some cases blackboard notes of lessons are given. This has been done 
in order to show how the blackboard should be used for the purpose of 
summarizing the lessons. , 

It is a good plan for scholars to have notebooks in which such summaries 
may l>e entered, but unfortunately the time allotUsl to manual-training lessons 
dixis not always permit of this practice. 

The lesson on “ A Firmer Chisel and Comparison with Other Kinds ” 
indicates in a general way the method of compaHng and contrasting similar 
t(Kils, and can readily bo applied to other than those nientionetl. 

The lesson on “ The Grindstone and Grinding ” has been treated somewhat 
'fully in order to indicate the method of questionipg, with a view to making 
the scholars observe, think, and reasov. < 

The underlying scientifle principles and problems are dealt yvith in the 
chapter on ''Science iii Manual Training”. • • 

.It is hnpeil that the present work will^ afTord valuable assistance to 
technical students as Well as teachers and schdiars in the manual-tiaining 
room. 



CHAPTER I 


Try Squares and Their Uses 

Try squares are instruments used for testing tlie "siiunrencss" of materia), 
also for enabling lines to be drawn at right angles to any given surface. 

Construction. —Try s<juares consist of two main parts—the stock and 
the blade. 

A. The Stock .—This must be 
made of a hard tough wo<k1 that 
will not warp. Ebony and rose¬ 
wood are chiefly used. 

The wood must bo exceptionally 
well seasoned to prevent shrinkage 
and distortion. 

The length of the stock varies 
according to the size of the S()Uare; 
while the two edge face^ must be 
parallel to ensure true angles be¬ 
tween the stock and the blade. 

The working angles, of which 
there are three, as in fig. 113, ahe, 
must lie absolute right angles. 

The angles are; («) The right 
angle betweeq the under edge of blade and face of stock; (h) the angle be¬ 
tween the outer edge of ^lade and inner face of stock; (<•) the angle Ijctweefi 
the outer,edge of blade and outer fa^o of stock. * * 

B. "The BUkIc .—This must be of ste*;! and well teinpert;d. The edges 

must bo perfectly straight and parallel to ensure that both internal and 
external ^g(« may be at ri^t angles to the stock.- _ t 

The edges of the blaile Sre subjected to considerable wear, and when worn 
in the slightest degree alter the angle, as well as the straightnewt of lines 

’ I4J 
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iiiado by their meana. When worn, the edges must bo refiled and angles 
inmle true, a suiiiewhat diflicnit operation. 

C. A bium plate covering the inner face of the stock. This surface is 
subjected to tlie greatest amount of wear, due to friction between the parts, 
wlien the instrument is in use. Brass wears more evenly and lasts longer 
than an \mprotected wooden surface. 

1). Brvjss pleiteM are let in, one on either side of the stock as shown. 
8ueh plates are essential to prevent the rivets, used to fix the blade inl*Sj 
ls)sition, from splitting the stock whilst they are being 
tightened (riveted), and also to prevent splitting should 
the .H(|Hnro fall. The shape of the plate is of little 

importance, but is usu¬ 
ally somewhat orna¬ 
mental as shown. In 
the cheaper s<]uares, 
three <liamond-nhape<l 
pieces are used, as in 
fig. 114. These neces¬ 
sitate the use of less 
brass, but are not so 
effective as the former 
pattern. 

E. RivetH. — The 
blade is fixed to.the 
stock by means of 
throe rivets. 

It is essential 
that the blade 
should he in a plane perpendicular to the tense <St the stock (Kg. 11.5). 

All parts must !» rigidly Kxed together, and any looseness of parts is a 
sign of inferiority. 

‘ Dimension of Try S(t(;AKE.s. —The sixe of a try square is indicated by 
stating the length of the blade, measured from the inner face of,the stock 
to the outer eild of the bla<ie. 

All other parts are in proportion, and have not to .be stated when 
ordering. ' 

The stock is usually' about half the length of the blade, and the two most 
convenient sizes for manual-training purposes are 4J or 6 in. for small work. 
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and lOJ or 19^in. for large work. The smaller of these dimensions will, in 
every case, bo found to meet all requirements. 

Method of Usino. —For marking titles at right aiujtrs to working faces. 
^—It should be laid down as 
a rule that “ When in use 
the stock must always be 
against a narking face of 
yytie, material”, i.e. against 
the face side or face edge of 
the work. Fig. 110 shows 
the metlxsl of holding the 
try square in position. The 
thumb should press the 
stock against the face of the 
w’ork. The first finger keeps 
the blade flat on the work, j 
'fhe remaining fingers are ki* im 

stretched across the work 

and clasp the back edge when the work is narrow, or grip, by friction, the sur¬ 
face of the wood should it happen to Ic too wide for the hand to stretch acnjss. 

The position of the hand 
will vary somewhat accor¬ 
ding to the position of the 
face marks on the wood, 
but little difficulty should 
l)e experienced if the two 
following rules are kept in 
mind: (d) Have the stock 
pointing to the left. ( 6 )« 

Always work with the 
stock on cither the face 
side or face edge. 

All lines should %c 
drawn along the outer 

edge of the. Ua^c. , i,,g ,,7 

Use of the Inner * • 

Angle. —The chief use of tHo innci* angle is for testing the s<juaren^ of 
the angle between two adjacent surfaces. . 
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- * 

TIuh operation requires more care than is usually bestowed upon it. 
Ki){. U7 shows in a general manner the method of performing^|feiB operation. 
The stock should be claspetl easily but firmly between the tips m the thumb 
and tingvn-s. 

The etuck inunt alunye he pUtenl iiffainet a vxn-ki/ny face—the face m/U or 

face. eeUje. 

The Mock muM Mand perj>en- 
dicular to the edge to be teMed. 

The Wmle muM be field /lerften- 
d'icular to the mirface tented from. 

U.sE oE THE Outer Angle.— 
This angle is often of service for 
testing the angle between the inner 
faces of a piece of work, as indi¬ 
cated in fig. 118. 

Testing a Trv Square —It 
has already been pointed out that 
it is essential that the angles of the try s<|uare should be true. They can be 
tested in the following manner; Prepare a piece of wood having a perfectly 
straight edge. Apply the try s<|uarc to the edge and draw a line the full 
length of the hlmle; now turn the try .s(|uare over and slide the blade up 

to the line alreaiiy drawn. If the 
angles are true, the edge of the blade 
will coincide with the first mark; any 
deviation indicates an error. The 
principle underlying this can with 
advantage be demonstrated by means 
of a folding rule. Fig. 119 shows the 
two arms, of the rule not at right 
angles, and the angle of deviation in 
consequence. If this deviation be 
halved, and the arms adjusted to the 
middle poiift, it will be found that 
‘they are at right angles. '' 

Further Use of the Blade—I t is often,convenient to utfe the edge 
of the blade as a straight edge for drawing,short lines wl^ich are inclined 
to The edge of the material. The evtremitito of such lines having been 
determimid and marked by means of pencil, the blade of the try square 
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may bo apg 
hand aa in 


% 


and held by meana of the thumb and fingers of the left 
eition (fig. 120), the line being drawn by means of knife or 

twncil as desired. 

Special Forms.—T he angle 
of 46° is so often required that 
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provision is now often made for it in connection with the try s(|uai'o. This 
is done by making the top end of the stock at an angle of 46° with the inner 
face, as shown in fig. 121. Such squares are known by the name of “mitre 
squares". When used for marking such angles, the inclined face is applied to 
the work. Whilst being approximately tnie it will readily be seen that this 
inclined surface is too short to ensure great accuracy in working. Another 
disadvantage caused by removing the comer of the stock is the reduced sup¬ 
port afforded to the bloile, thereby increasing the tendency of the instrument 
to get out of order. 
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’ CHAPTER II 

Gauges and Gauging 

Gauges arc instruments used for, marking lines on the wood parallel to 
any Working face. • 

For manual-draining puvjxises three kinds are in general use: (1) The 
single-tooth marking gauge; (2) the moitise gauge; (3) the thumb gaqge. 

Slng'le-tOOth Marking OlAlge. —This gauge is mtmufactured from various 
materials, as wood, iron, and combinations of wood, iron, and brass. • 
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The principle underlying the construction is the same in each case. 
'I’here are four main i>arts, os shown in fig. 122. 

A. The etem or Ijram, n piece of wood about 7 in. long, the section 
which may vary in shajK!, but is usually 


niadi^ to the form shown in the sketch. 
Near one end a .steel pin is passed through 
as at B. 


o 




of 
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B. The S/iur .—The spur is of steel, and when Iwught is usually sharpened 
to a conical point. The spur shouhl lx; so sharpened, as shown in fig. 123, 
to act ns a cutter. The spur is driven through a hole in the stem, friction 
alone keeping it in jxisition. 

The spur should be kept very sharp in 
order that it shall make fine cut lines and 
otter the least amount of resistance to tlie 
forwanl pressure vj-hen in use. 

^ Tlie spur is sharpened by means of a file, 
and when much worn ran lx; driven farther 
through by means of a light tap with the 
linmmer. 

If the cutting’portion of the spur is turncil 
,slightly, so that the plane of the blade forms 
a very acute angle with the face of the 
• ris iM stock, OH indicated at AB in fig. 124, it then 

, has a^ tendency to draw farther on to the 

work, in this way tending to keep the stock close to the working face’. Tliis 
. slightly incri'ases the resistance to forward motion, but nece^tates less effort 
to Ijccp the stock in position againAt the face a( the wood. 

(1. The Stock. — The* stock consists’of a blhck of wood through which a 
hole is made to receive the stem. 
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The face of the stock must be at right angles to the axis of the stem. 

The st'in, whilst fitting closely the hole in the stock, should be free to 
slide through the hole when pres.sed at either end. 

, The shape of the stock may vary. Three points have to Is* considered 
in its construction:— 

1. To give sufficient body of nutterUd to ensure rigidity, and to enable it 
to carry the. screw which is itsed for fixing it in /lositUm on the stem. 

2. The shape that will best suit the hand of the operator. For this reason 
the top is usually made semieireutar, in order that the first finger may rest 
over the arch. 

3. Protection of the face of the stimk which, when in use, is in contact with 
the work; for th is reason gauges hare to be made of hanl, close, and stinight- 
giained woods, beechicoiKl being m<>st eomnundy used. 

The face is sometimes protected by means of two narrow liands of brass 
let into the face of the stock. In some eases the entire face of the stewk Is 
covered with brass, but this entails needless expense. 

D. The Thumbscrew. — The stock is fixeii in any desired |S)sition along 
the stem by means of a thumbscrew. 

The screws being mnd(‘ of w(s>d it is at once c\ i<lenl 
that the w(xxl used must be exceptionally hard, or the 
'‘threa<l” would break away, hence boxw<xxl is uscil for 
the purpose. 

The screw is usually placed in such a position that it 
faces the operator whei» the gauge is Isfing used, and 
presents a serious obstacle to Ijoys whose hands are small. 

For this reason it is better that the stock be taken off and reversed, thus 
overcoming the foregoing difficulty. A further atlvantagc is obtained by 
filing a thumb slot in edges of the .stock, as shown in fig. 12.'5. The removal 
of the sharp edges of the slock is a great convenience where much gauging 
has to be performed. * 

Metal Marking Gauges. —Some marking gauges are now manufactured 
ontitely of metal. Such .gauges are less liable to get out of order. Bein^ 
made of lyetal their dimensions musUbe kept small to ensure lightne8S,'>n<l 
the present, forma are in this respect too small, which is a diNhdvantage. 

The Mortise (Gauge. —The chief use of this instrument, as its name 
implies, is for gauging the sid^ of mortises and also for gauging the corre¬ 
sponding tenons. 

As will be seen in fig. 126 there are two spurs which can be siparately 
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adju8t«|i>l6r relative position with the stock, thus enabling two lines to be 

made at any given distance apart, and at 
any required distance on from the face of 
the work. , 

CoN.sTRliCTloN. —The construction is much 
more complicated than for the ordinary 
marking gauge, but the principle is the 
same. 

The “wooden” stem or beam (A) is a 
piece of wiMsI about 7 in. long and usually 
of s(iuai'e .section. 

The stem, and other wofsien parts of 
mortise gauges are usually nia<le of ebony 
or rosewood. 

One surface of the stem has a T-shaped 
groove cut along the entire length, into which 
a bar of brass, having a corresponding sec¬ 
tion, is fitted fB). 

A small jsntion of the Imr alsjut 1 in. 
long is cut off and rigidly screwe<l, as at C, to the wooden stem. Into this 
small piece one spur is fixed. 

_ The spur D is carried by the small piece of brass 

stem which is fixed to the woo<len stem. jilfe. 

As already explained, the brass sliding stem 
T-shaped section, the flanges of the T lieing inside the 
wooden stem, thus keeping the bar in position, and en¬ 
abling it to slide freely along the wooden stem. 

This bar also carries a spur fixed close to the end, 
where it fits against the smaller piece which is fixe<l to 
the wooden otem. When the two portions of the brass 
stem abut, the spurs are about ^ in. apart. 

At the bottom end of the sliding brass stem on -t)nr 
larged flange is formed, through which a hoV) is made 
to receive a long thumbscrew, which is used,for adjust¬ 
ing the sliding stem. ^ r 

< A brass thumb piece A^^carrying an iron screw, passes 

through the flange B.'and a hole is bored up through the centre of the 
woodeQ,. Htem to receive it, os at F (fig. 127) 
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At the end of the screw near to the thumb piece a collar is hxn^.to the 
screw as shown at D. Thus the screw is free to turn; at the same time its 
relative position to the sliding brass stein is not altered. 

, A small nut is inserted into the wooden stem as at I, about IJ in. 
from the bottom end. The position of the hole in this nut is made to 
coincide with the hole bored up through the stem. The thumbscrew, which 
is loosely attached to the sliding stem, passes through this nut, and when 
turned moves up or down acconlingly, and owing to the loosidy fitting 
collar already mentioned carries with it the sliding brass stem. Hence it 
will be seen that the distance between the two spurs is regulated by means 
of this screw. 

The stock E consists of a block of wood through which a hole is made to 
receive the stem. The face is usually protected from cxce.saive wear by means 
of strips of brass (as at F, fig. 126), or by a brass plate covering the entire 
face. It is fixed in position on the stem by means of an “ iron set-screw". 

The set-screw (O, fig. 126) being mode of iron, and conse<{uently having a 
much finer thread than would lie used for a wooden screw, it is necessary 
that the screw should work in a metal nut “ tapped", i.e. internally threaiied, 
to receive it. 

H is the brass nut for the set-screw. 

I is an iron washer against which the set-screw works, ami distributes the 
pressure of the small screw over a greater area. 

is a metal plate screweil to the stock, and forming a s<K'ket for the head 
fljpih set-screw. , 

An ordinary thumb-screw cannot be use<l for a mortise gauge owing to 
the fact that the screw has in this case not only to fix the stem to the stock, 
but also the brass stem to the wooden stem. The brass stem being on the 
under side, any thumb-screw in this position would consequently be in¬ 
convenient when working.' Further, the gauge is, in the onlinary w'ay, 
somewhat cumbersome, and the addition o£ a thumb-screw would tend to 
increase thia 

•;It will be seen that pbony or other very hard wood is necessary in thh 
oonstructipn owing to the friction between the stems, and the fact tliat»the 
stem Has tp he bored to receive the adjusting screw. • 

Thumb QftUffes. —The former gauges cut into the surface of the wood. * 
In some cases this would proAe a disadvantage, as in the marking out of 
chamfers or bevelled work, ^hie difliculty is overcOhie by cutting a small 
piece of wood of rectangular section and making a notch at the ert(|^ to lap 
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over the face of the work, ae hIiowii in fig. 128. The notch, or notches, can 

lie made any length to suit the work in 
hand. 

Setting: the Single Gauge.— It will. 

be necessary to give a demonstration on 
the metlnxi of setting the gauge. The 
scholars should set their gauges stage by 
stage, the teacher giving the necessary 
instructions and demonstrating each, 
watching carefully to see that each step 
is correctly carrieil out. 

The. gauge shouki be held in the left 
hand, and, the screw being 
hxisened, the stock can Ixi 
moved along the stem by 
means of the end of the rule, 
or pushed forward with the 
thumb of the left hand, as 
shown ill tig. 12!l. When the 
stock is in the desiml posi¬ 
tion the screw should then 
ijj, be tightened. The distance 

between the stock and spur 
should again be tested to ensure that 
no movement has taken place. In 
the early lessons it is advisable that 
the teacher test all gauges after 
they have Isien set by the scholars. 

Edg^e Gauging.— It will now 
be necessary to give a demonstra¬ 
tion on the methixl of fixing the 
wood in Jhe vice, the method of 
holding the gauge, and the pose of 
the body whilst gauging. 

. The wood should be fixed in 

, the 'vice with the face side next 

the operator, i,e. outwards, and with the face edge uppermost. 

The gauge should be held in the left hand, as in fig. 130, when it will be 
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seen that the thumb comes directly behind the spur, the first ftnjfer being 
arched over the stock, whilst the three last fingers clasp the stem. 

Each scholar should .stand l)ehind Iris gauge and at arm’s length from the 
, work. The left foot should !» extended well forward, the right extending 
backw'ards and slightly inclined to the side of the bench. The right hand 
should rest flat on the Ixmch to support the weight of the body, and the left 
arm should bo kept fairly straight. The gauge must be held firmly against 
the face side of the work, taking care to keep the stem at right angles to the 
face of the work. In order to advance the gauge it is necessary to press it in 
an obli<(ne direction, as indicated in fig. 131. This has the effect of keeping the 



into the wood the spm; should slope slightly in the dii-ection in which it is 
intended to drew the line. Fig. 132 shows the gauge sloping, whilst the 
arrow indicates the direction in which the gauge is nioving. 

A Common Mistake. —A mistake commonly made by beginne™ is that of 
ceasing to maintain the pressure ujx)n the gauge when nearing the end of 
the work, the result Ijcing'that the line is not parallel to the face of the work. 
This fault should Ije carefully jx)inted out during the demonstration. 

Taken by stages. —The first attempt on the part of the scholars should be 
taken stage by stage, tl\,e whole class executing each order as it is given. The 
following are the stages to l)e follcgved to ensure correct methods fro* the 
outsdt:—. ' 

1 . Set the gauge as described, and place it on the bench near the vice; 
with the stem parallel to th% side of tKe bench and pointing to the left. 

2. Fix the wood in the vice, keeping it os high*as poseible and with the 

face marks turned towards the operator. , * 
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3. All scholars s^uld now he'lfiide to stand in position as describe^ibove. 

4. The scholais may now 
take up their gauges and 
place them in position with 
the spur on the end of the 
wood nearest them, sloping 
the top end of the spur away 
from them slightly (fig. 
132). 

6 . Instructions may now 
lie given for the scholars to 
gauge their line, reminding 
them of the direction in 
which to press the gauge. 
Teach them to go slowly and 
steadily. 

There is usually much 
slovenliness in the matter of 
gauging, and bod habits once acquired are difficult to eradicate. Time is 
welt spent in thoroughly mastering each detail in turn. 

_ Surface Gaugingr.— In this case 

the work cannot be fixed in the 
vice; other methods liave, there¬ 
fore, to be,adopted. 

The work should be held in the 
right hand, with the thumb on the 
end nearest the operator, and the 
remaining fingers stretching down 
the back' edge of the material and 
forming a cradle in which the work 
rests. The bottom end of the work 
is pressed against the bench stop and 
kept in position by the presshre of 
the right thumb. The pressure on 
the gauge is resistedtby the action of 
the first finger of the right hand, , 
the back edge of the wood,’and is in opposition to the 
iei^uge. «Fig. 1%S indicates these positions in a general way.. 
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The gauge in held iu the left 
hand as for edge gauging, and 
vrhen it has been advanced about * 
, halfway along the material the 
thumb of the right hand should 
be raised and the hand slid along 
the material, in this way clasping 
it about the centre. The material 
should then be removed from the 
bench stop to the side of the bench, 
and the line completed (tig. 134). 
Moving the work in this mannei* 
enables the line to be carried to 
the end without the screw coming 
in contact with the surface of the 
bench. 

Setting the Mortise Gauge.— 

The width of a mortise is governed 
by the width of the mortise chisel 
to be used. The thickness of the 


tenon must correspond to 
the width of the mortise. 

Having selected the 
particular chisel to 
used, make a mark with 
the cutting edge on the 
piece of wood where the 
desired mortise is to be 
made (tig. 135). Tljis* 
mark indicates both width 
and position pf the mor¬ 
tise, and the gauge mvytt 
be sef tp it. Loosen the 
set-tfcrew, and move the 
stock so that .the flxeil • 
spur corresponds to the 
far end of the mark. 
Next, by means of the 
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tliumb-Hcrew, adjuxt the Rliiling stem so that the spur corresponds to the 
near end of the mark. Jl-, 

'I'ighten the set-screw, Thus fixing the stock in position. It is always 
advisable to make trial lines on an odd piece of wood, again testing them 

with the chisel. The corners of the chisel 
should come just to the centre of the gauge 
lines. This is important; for should the gauge 
be carelessly set it will not affect the chisel 
portion 'of the work, but the tenon, on being 
cut, will bo either too thick or too thin; a 
serious eri-or either way. 

Dlflloulties of the Mortise Gauge.— As 
the gauge is heavy and cumbersome it is 
advisable to fix the work in the vice when¬ 
ever possible, and lx)th hands may then be 
used in operating the gauge. 

The left hand should occupy a position 
similar bj that descriUsl for the single gauge, 
the right hand merely assisting in ov<‘rcoming 
the resistance of the spm-s. 

Using the Thumb Gauge.— Having cut 
the notch to the require<l length, the gauge 
may be placed in position with a pencil resting against the end, os in Hg. 137. 
Roth gauge and pencil are then drawn towards tlitv operator, as indicated 
in the figure. 



CHAPTER Ill 
• Saws 

• CLASSIFICATION AND PRINCIPLES OF CONSTRUCTION 

• 

Definition. —Saws are instruments used for cutting wood, and have for 
their main object the production of clean-cut surfaces (flat or curved) with 
the least expenditure of material and energy. • 

Clesslj^tlon.—Theje may be divide into Wo classes; (o) Those used 
fur producnig plane surfaces; (/<) those used for producing curved surfaces. 
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Saws Used for Pboducino Plank Surfaces. —Many saws belong to this 
group, but only those required for manual-training purposes will here be 
dealt with. They are; (a) Rip saw; (6) hand saw, not often used; (c) [)ancl 
, saw; {d) tenon saw; (e) dovetail saw, not often used. 

Saw.s Used fob Producing Curved Surface.s.—To this group lielong: 
(it) Bow saw; (6) compass saw; (e) pad saw. 

Construction. — Formation of Teeth.—T he construction of saws must 


depend upon the work they are required to perform. Most saws are 
required to act at a con.siderable depth from the surface; hence, whatever 
form of cutting edge is adopted, this edge must Ix' supported, and the 
supporting body must be of such a 


character that it can follow the opening 
maile by the cutting edge at starting. 

It will readily be seen that a con¬ 
tinuous cutting edge, such as a lazor 
edge, will not serve to do the work ivs 
outlined in the above detinitiiin. Any in- 
stniment with a true cutting edge must 
of iiecessi ty carry a wedge-shaped support- 
ing Ixxly, which would prevent it acting 
at any great distance below the surface. 

When wedge-shaped cutting tools are 



used for cutting timber transversely, there 
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is in consequence an enormous waste of 

energy and material, and the surfaces produced by their use are generally very 
irregular in character. The difficulty is overcome by the use of flat plates of 
steel, and the formation along one edge of a series of indenlations. The inden¬ 
tations take the form of triangular recesses, with apex towards the plate, thus 
throwing a series of sharp*points (teeth) into line with the edge of the plate. 
In order to understand more clearly ^he cutting action of saws, it is 


necessary to study the character of the material to be cut. In the present 
instance that material, is w'ood, and all wood is more or less fibrous »in 
character- Again, much of the cutting Ukes place at right angles t<» the 


fibre,” i.e. scross the grain. • 

When forming the tectli, as described, if the triangular recessi s Ix! filed, 
at right angles to the plane»of the plite, this would form an cilge jt the 
apex of each triangle crossing the thickness of the’plate at right ^angles, as 


at a a (fig. 138). 
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« 

Now wo have seen that the wood is fibrous in character, and any attempt 
to cut across the fibres with such a saw would mean that, as the saw was 
thrust forward, the straij^ht edge of each tooth would “ burst” some of tho 

fibres, as shown in fig. 189, causing , 
them to splinter, but it would not 
remove them and give clearance for 
the blade. The loose fibres would act 
as valves, and when the saw was drawn 
back the valve-like action of the fibres 
would “ grip" the saw and set up so 
much friction as would make it diffi¬ 
cult to move the saw. How is this 
to be overcome? It is clear that tho 
cutting must bo of such a character 
that the fibres are removed for a 
length equal, at least, to the thickness of the saw plate. To do this the fibres 
must be cut in two placea This is accomplished by filing the teeth in such 
a manner that a double row of points is formed, the points being on the 
outer edges of the plate. This is illustrated in diagrammatic form in fig. 140, 
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an a a being the points. Holding the file in the position necessary to'form 
«nch teeth has the further advantage that the advancing edge of each tooth 
is forme«l into a "cutting edge" which materially assists the cutting action. 
Such teeth sever the fibres at two points, as at a 6 in fig. 141. The fibres 
iorming tho triangle above a6 are caught in the triangular space, "the 
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gullet”, between each pair of teeth, carried forward and liberated outside 
the cut as "sawdust”. 

This is the underlying principle for all saws, but various moditications 
have to be adopted according to the special work each is intended to 
perform. 

Teeth formed as above would make a cut (kerf) no wider than the 
thickness of the plate, and the friction on the sides would quickly prevent 



ri|. ■«? 


the saw working. In order to overcome the friction and give greater clear-, 
ance for the saw blade, the teeth are alternately bent outwards in opposite 
directions, as in fig. 142. This process is )tnown as “setting" the teeth. 

All saws are “ set”, but not to the same degree. The amount will vary 
with the nature of the work to be perfoi-med. Eip saws and dovetail saws 
require only a slight amount, whilst hand saws receive a considerable amount. 

Saw Handles. —The handles are very important. Tliey should be well 
shaped and fit .the hand comfortably. 

Too much care cannot ben bestowed upon fheir finish. A badly finjshed 
handle is a source of annoyknee whilst working with it, and lea^ to un¬ 
satisfactory work. 


^ores 
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Thu haiidluH are usually made of beech, but applewQOd is used for the better 
class of saw; handles ma<lc of this wood are much mote pleasant to work with. 

The Inclination of the Handle.— It will be seen that the handles are 
in all cases inclined to the line of the teeth. When a saw is in use, pressure 
has to bo exerted in two directions, namely forward, in order to advance the 
saw, and downwanl, in order that the saw shall enter the material. Tliese 
forces would demand the use of both hand.s, or necessitate the exertion of 
leverage from the wrist, were it not that the principle of the “parallelo¬ 
gram of forces” can be applied. The dotted diagram at E, in fig. 147, will 
explain this principle. Thu force exerted at F, acting at right angles to 
the axis of the handle, is resolved into the rectangular components, owing 
to the teeth being in contact with the material, one force driving the saw 
forward whilst the other causes the saw to enter the material. The appli¬ 
cation of the "parallelogram of forces" thus relieves the wrist of any 
unnecessary exertion. 

Th6 QUftllty of Saws. —The quality of a saw depends upon many parts. 
(a) Temptr of Blade .—^The blade should be thin, and when tested by bend¬ 
ing it should curve uniformly, returning again to its original form when 
released. Any permanent curvature due to bending indicates a soft, im- 
projK'rly tempered plate. Thick blades usually indieato inferiority. 

The blade should Iw hard. Such blades necessitate more care in the 
setting, and take longer to sharpen, but they have the advantage of retain¬ 
ing their cutting power for a longer period and work more sweetly. 

Well-tempered saws are usually somewhat dark i^i colour and the surface 
has a greasy appearance. 

(h) Orindinr /.—The surface of the plate should b<> free from hammer 
marks, and the grinding should be uniform: any inequalities can be detected 
by holding the blade up to the light at arm’s length whilst examining the 
surface. • 

The blade should be thinner j»t the hack edge than it is at the cutting 
edge, thus affording more clearance in the kerf when in action and necessi¬ 
tating lc,S8 "sot”. 

When struck, the blade should give a clear, bell-like "ring”, any dull 
sound is a probable indication that the blade has a " flaw” fractme. A 
further test for fracture is to hold the saw firmly in both hands by the 
handle and cause the blade to oscillate fjoni its fixing in the handle—a 
fractured blade will give out a "crackt-d" fioufid. 

(c) Handler .—The handle should be well finished and fit the hand com- 
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fortably. It should ^.^]d in tho hand in the correct position for working, 
in order to test the “hMig” of tho blade.- 

Ib should be firmly fixed to the blade by means of saw rivets, as any 
Jboseness in this respect is likely to cause the blade to “buckle" when in 
use. The rivets should be flush with tho surface of the handle. 
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DKSCRIPTION AND SPECIAL USE 

(«> The Hip Saw,—The rip saw is specially constructed for cutting in 
the direction of the grain 
“ fibres”. Tho teeth are large 
and shaped as in fig. 146. 

The “pitch” of the teeth, 
i.c. tho inclination of the ad- 
• vancing edge of each tooth, is 
about 80°. 

When sawing in the direc¬ 
tion of the fibres less friction 
is generated, consequently 
those saws need very little 
“ set". 

The cutting action of rip saws varies somewhat from most other saws. 
As already explained, the teeth are formed into edges rather than {loints 
with the result that \^ien in 
action each tooth acts after the 
fashion of a plane or chisel, re¬ 
moving a shaving each time it is 
thrust forward. 

(6) Hand Saws.—Hand^ws 
are specially constructed for cut¬ 
ting across the grain, but they 
are generally used for putting 
both with^ond across tho grain. 

The details of the teeth arc 
shown in fig. 14^4. 

The teeth are formed into'sharp points at the apex, and tho front edge 
of each tooth is inclined to the b*ne of advance in such a manner that the 
outer edge has a chisel-like action when in use. 

(0<l<) It 
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t; 

'Die general character of the work performed by tbU saw demands that 
the teeth shall receive more set than is given to most other sawa 

(«) Panel Saws. —Panel saws are used chiefly for cross-grain cutting, 
where clean cuts and absence of splintering on the under side of the material, 

are desirable. 

They have usually eight teeth 
to the inch, and the “ pitch ’’ is 
shown in the accompanying figure 
(145). 

The teeth arc formed in the 
manner described for those of the 
hand saw. 

These saws arc used for finer 
work ami require less sot than 
n«. iM hand saws. 

(d) The Tenon Saw.— The 
tenon saw is uswl chiefly in connection with bench work and for making 
the finer cuts. The name is derived from the fact that one of its chief uses 
is that of cutting the shouldeis of tenons, the shoulders being the cross¬ 
grain cuts at the base of the tenon, which have to fit the plane surface of 
the material surrounding the mortise. This laiing the case it is clear tliat 

the surface produced by the saw 
must be flat and as smooth as pos- 
sibla 'fhe, saws already described 
have no stiffening rib, and conse¬ 
quently arc free to bend; further, 
their great length and cumbersome 
character unfits them for use in cut¬ 
ting sntall or delicate shoulders. 
Examination of a tenon saw will at 
once make clear its special advan- 
• na u« tagos for the character of work in- 

.• , dicated. 

The blades are rectangular in shajre, varying in length fi-om 1,0 to'18 in., 
..and from 3 to 4 in. in depth; they are much ..thinner than bhules of the 
"hand-saw" class, 'fire lack of stiffness due'to use of small thin plates is 
comirensated for by the? introduction of a “stMening rib" or “back", which 
is folded“along the top eiigo of the plate. These “ribs” are made of brass 
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for the better class of saws, but steel is often used in inferior types. The 
blade of the saw should not reach the top of the curve inside the “ fold”, but 
is gripped tightly along the edges. The back should also be slightly arched, 
being higher in the centre 
than at the ends, which 
gives a spring-like action 
to the rib; the pull of 
the ends sets up tension 
along the cutting edge, 
thus tending to keep that 
edge straight. 

The depth of cut which 
can 1)6 made with a tenon 
saw is limited owing to the 
use of the stiffening rib. 

The teeth are small, 
varying from 10 to 14 
per inch. 

The advancing edge of each t<w)th is inclined at about 65“ to the line of 
the teeth, as in 6g. 146. 

The handle of the tenon sow varies in design from that of the hand-saw 
group. The necessity for this will readily be understood when it is borne 
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in mind that th» tenon saw'is in most cases used in a horizontal f>osition, • 
whilst hand saws when in u^ are invariably inclined. • 

There are two types of handles: (a) The dosed “handle, os in flg 147; 
(ft) the open handle, as in 6g. 147rt. * 
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The formor in much stronger than the latter, and has usually a higher 
degree of tinish. 

The open handles are shoi-t in the grain, and are apt to split along the 
line A B, as seen in fig. 147<«. , 

(«) The Dovetail Saw. —This is seldom to be met with in the manual¬ 
training room, a fine tenon saw being suitable for practically all the work 
executed theisdn. 

The sp<!cial features of this type of saw are: (a) Very thin blmle; (t<) very 
fine teeth; (c) little or no set on the teeth. 

Dovetail saws are usually smaller than the tenon saw, but in all other 
respi'cts are similar to them. Tie* smallest variety has usually a straight 
handle in line with the buck. 

Saws used for Producing Curved Edges.— Tin- nature of the work such 
saws are intended to perform demands that they shall have narrow blinles, 
in oixler that they may isms freely round a “iiuiek", i.e. .sharp, curve. 

With the narrowing of the blaile comes the attendant weakness and ten¬ 
dency to bend ami buckle when in use. This difficulty has been to some extent 
overcome by iirserting the blade in a frame, as in the case of the bow saw. 
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The Bow Saw.—This is by far the most important saw for cutting fine 
andj sharp curves. ’ * 

The details are ahrt«'n in the accompanying figure 148. The frame con¬ 
sists of five main parts. A A are the two arms or “ levers " of the frame; B 
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is the beam which keeps the two arms apart. The ends of the In-am are 
stump-tenoned into tlie arms A. Each end of tlie beam arts as a “ fulcrum ’’ 
about which the arms are free to turn, as at X. At C are scvei’al stramls 
of wtring forming a loose loop alxtut the ends of the arms A. 'I'lirough * 
the loop so formed another lever 1) is inserttsl for tightening the string. 
When turned, the lever twists the string into a sort of rop<>, which at 
every turn becomes contracted in length, thus pulling the top en<l of the 
arms A A closer t.ogether, whilst the lower emls lM.'Come e.xtended, due to the 
rotation of the arms about X X. 

'I'lirough the lower end of the arms are cylinders of hra.s.s (FF), which 
are slotted to receive the ends of the saw hinde. Holes are also drilled 
through these cylinders at right angh's to the slots which receive the .saw 
blade. 'Fhe saw blades are drilled, the holes corresponding w’ith those in 
the cylinder, thus enabling the saw to be tixisl in position by means of two 
steel pins 0 0. 'fhe brass cylinders, after passing through the frame, enter 
the handles, into which they are riveted. Forming j>art of each cylinder, 
and situated immediately outside the frame, are enlarged flanges; thesi' 
flanges take the strain duo to the tension set up in the saw hy the con¬ 
traction of the string. 

The saw blade, being fixed in "cylindrical” piece, can be turned to any 
convenient angle to accommodate the work in hand. 

The frame of the saw is usually made of beechwo<xl, the handles heing 
of boxwood. The more common varieties have their handles made of lx‘ech- 
wood, but it will readily be seen that these are less suitable for holding 
the rivets used in connection with the brass cylindera 

The Compass Saw. —These saws are used for making curved cuts in 
larger work where it would be 
impossible for the body 
to pass through the 
the frame a bow 
the 

aie made in 

various sizes. It will bo seen ^ * • 

that they much resemble the • 

hand saw. ’ The Jilades taper, to a point and are kept as narrow as [lossible 
consistent with the work they* are intended to perform. The narrowing of 
the blade is attended with odhsequent weakness, and in order to overcome 
this weakness the blades are made much thicker than those of ordinary sawa 
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The increased thicknem of the plate demands increased energy when in use 
—the energy in all cases being proportioned to the amount of kerf and the 
nature of the material to bo cut. 

■ The formation and general arrangement of the teeth should be as 
described for the [tanel saw. * 

The Pad Saw. —These saws are very useful when small holes have to be 
cut, or for cutting sharp curves where even the blade of the compass saw 
would prove to be too wide to enable it to pa.Hs i-ound the curve. 

Fig. 150 shows the general construction. 

A is a wofsleii handle, usually of boxw<K)<l—sometimes of rosewood or 
ebony. It is shaped in such a manner that it will comfortably lit the hand 
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at whatever angle the blade may be turned. B is a sijccially constnicted brass 
ferrule attached to the handle by means of small screws, and C contains 
a slot through which the saw blade passes. At D^are .set-screws for fixing 
the blade in position. Two are required to keep the bla<le steady. E is 
the blade. This is constructed on the principle of the panel saw, but with 
teeth formed more after the order of the tenon saw. The blades are very 
narrow and thin, and conae<piently lack strength. 

A hole passes through the handle, as indicated at F; this enables the 
saw to be moved backward an^ forward as desired, according to the W'ork 
in hand. When not in use the blade can be passed into the handle, thus 
protecting it from injury. ^ 

METHODS OF SAWING 

Physloal Development accompanying Pawing.— It is very important 
that the correct pose, of the body ‘ be studied when performing sawing 
operationa 
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Sawing exercised are valuable for physical development, and it is essen¬ 
tial that the teacher pay special attention to all the details connected thei-e- 
wlth. 

Rippingr on the Trestles. —This operation applies to the sawing of long 
*planks upon the sawing trestles. The plank, having been "lined out”, is 
allowed to rest on the trestles with one end projecting about 9 or 12 in. It 
is kept in position by placing the right knee upon the plank iiinnediiitely 
behind and in line with the saw, ns in fig. 161. The saw must lx? held in a 
plane at right angles to the sui’face 
of the plank and coincident with 
the line to be cut. In order to en¬ 
sure that the saw is held in a plane 
at right angles to the surface of 
the plank the head should be in a 
{X)sition immediately over the saw, 
thus enabling the operator to watch 
the angle on each side of the blade. 

Should the head be inclined to 
right or left the saw is invariably 
pulled to that side towanls which 
the head inclines. 

The arm should be in a direct 
line with the saw blade, and all 
strokes should be taken freely from 
the shoulder, giving fulf expansion 
to the chest. 

The cutting edge of the saw 
should bo inclined at about 70“ to 
the surface of the plank, abut this of course will depend greatly upon the 
height of the operator. There is a tendency with small boys to lower the 
saw to a very acute angle. Such a position is uncomfortable for the boys 
and has the ^ditional disadvantage of making the “surface of contact” vesy 
much greater. The greitor the angle which the teeth make with the surface 
of the pRrnk the less will be the “surface of contact”, but .when the angle 
is increased beyond 70° the, position again becomes uncomfortable. 

Ripping at Ihe Vice. —When short pieces have to bo ripjied it is^niore 
convenient to fix the wood in the vitee, and the panel saw is generally used 
tor this purpose. 
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Tile general poaition of the body is shown in fig. 152. 

The left foot i.s extended forward. The right foot falls about 15 in. to 
the rear and is slightly inclined, thus giving stability to the body. 

The wissl is steailied by means of the left hand. The saw and arm 
should bo in line, the body occupying such a )x>sition that the elliow of the* 
right arm can swing freely as a pendulum without coming in contact witK 
the body. 

The head should be held fairly erect and in such a position that it com¬ 
mands a view of the angles made by the blade 
of the saw and surface of the woixl. The 
strokes should lie long and taken freely from 
the elbow and shoulder. It is not neccasary to 
throw the weight of the Ixidy into the action. 
The chest should be freely ex|)ande<l with each 
stroke. 

The Tenon Saw. —A large amount of work 
is performed by this saw, and the method of 
using it needs to be carefully taught. Con¬ 
siderable time should lie spent on this when 
executing the first exercise, and the work should 
be taken by stages, os: 

(a) Fijcing the Worh .—The bench hook is 
first fixed in the vice, or hooked to the side 
of the bench, and the work placed in po.sitioii 
against the stop. 

(5) Posilimt of the Left Hand .—The work 
is steadied by means of the left hand. It should occupy a position as in 
fig. 153, in which it will be seen that the work is press^ against the stop 
by means of the palm of the hand whilst the thumb is extended to the far 
end of the lino to be sawn, thus serving to guide the tip of the saw when 
starting the strokes. 

. (c) The Ritjhi Hand .—The saw is held in the right hand. Three fingers 
arc .iiasscd through the opening, whilst the first is eitended along the handle, 
pointing towards the tip of the saw; this serves to steady and guidS the saw 
. The arm should be in a direct line with the saw., ‘ 

(<f) The Feet and Body .—The • left foot is extended forward at right 
angles to the bench, whilst the right foAt dropAito the rear and is inclined to 
the bench. The body should not occupy a crouched or cramped position; 
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it should be kept clear of the rifrht elbow in order that the upper part of 
the arm may pass freely backward and forward, keeping in the direct line 
o’t the saw. 

(e) The Head .—The head should be kept erect in sucli a jxwition that it 
can easily be seen whether the saw is pei-jjendicular to the surface of the work 
or not. 
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The stroke. —When starting the cut, the tip of the saw should be used, 
the teeth being inclined to the surface as in fig. 163. As the saw is advanced 
the handle is gradually lewered, care being taken to follow the line to lx; 
sawn. When all the surface fibres have been cut, the saw should be main¬ 
tained in a horizontal position. Having severed the surface fibres a groove 
is formed which serves to guide tins saw in the “ cross" direction; more 
attention should then l>e given to keeping the saw upright. ,, 

The %trokes should te long, thus employing all the t<‘.rth. Very little 
force is nH^uirejl; the weigtit of the saw, together with the force acting ov 
the inclined handle, being sufficient. All movements should lx- perfyniied 
with ease. Should the bodj» occupy* a cramped position, or the effort to saw 
be too laboured, bad sawing will inevitably result. 
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The Work Steged.—The importance of this class of sawing cannot be 
too strongly emphasized. In dealing with new classes it will be found 
wise to take the different steps simultaneously throughout the whole clasa 
Having given the necessary demonstration and carefully pointed out all the 
points neetling attention, instruct the class to carry out the work in the * 
following stages:— 

1. Fix bench hook and wood in position. 

2. Stand in position. Recapitulate each step as previously demonstrated. 

.T Take up saw and stand ready for cutting. The teacher should now 

examine the |>osition of each scholar, correcting the many little erroin which 
he is suro to Knd. 

4. Commence sawing; go slowly; do not force the saw; heails erect; 
watch gauge marks. 

These stages should be repeated as each cut is ma<le. This will do much 
to ensure (orrect method from the outset; later, greater freedom can be given 
to the scholars, always assuming the operations to be correctly performed. 

Oblique Sawing. —This ne^s no special description. The body should 
Iw ranged in line with the cut to be made. More care is necessary when 
starting the saw, owing to its tendency to slide along the fibres. 

Sawing with the Orain. —The tenon saw is often used for cutting the 
sides of small tenons. 

■ The tip of the saw should be placed on 

the farther edge of the wood at starting (fig. 
164), the cutting edge being lowered gradu¬ 
ally until a cut has been made entirely across 
the piece. When this is done the tip of the 
saw is allowed to go no deeper, but the handle 
is gradually lowered at each successive stroke 
until the teeth are* in the line of a diagonal 
of the face of the tenon to be cut. Tlie 
material is then turned and cut from the 
other side, it is not necessary when making 
tlie second portion of the cut to adopt the 
diagonal method. The kerf made on the first 
ng iM edge forms sufficient guide for the saw on the 

unseen edge, the operator merely allowing 
the saw to work freely in the kerf and follow'kig carefully the line on the 
seen edge.. 
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Til® Bow Saw. —When in use the large handle is held in the right hand 
whilst the two first fingers are hooked round the inner portion of the frame, 
as shown in fig. 166. The thrust is given by means of the right liand, the 
saw being drawn back 
’ by means of the left 
Care should be taken 
to see that the blade is 
kept perpendicular to 
the surface of the work. 

When making sharp 
turns it is essential that 
the reciprocating motion 
of the saw be continued 
during the tuniing pro¬ 
cess; neglect of this pre¬ 
caution leads to broken 
saw blades. 

The Compass Saw. 

—The use of this saw 
needs no special descrip¬ 
tion. Both hands are 
generally applied to the 
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The blades being 

wide, much friction is generated during the jiassage of the saw lounci sharp 
curves, causing the saw to become very hot. It is therefore advisable to oil 
or grease it frequently. 

Sotting and Sharpening. —.Saws need to be kept in good condition if 
satisfactory work is to be done, and a brief account of the method of doing 
so will not be out of place. 

(a) Alignment of Teeth .—When a saw requires sharpening the first point 
needing attention is the alignment of the teeth. In the larger type the line 
of teeth should form a slightly convex curve from handle to tip. In prder 
to bring the top of the teeth into fine they are run oflT by means of a flat 
smooth fife. TJie file shoujd be held by its edges between the thumb and 
finger of the right hand, and, starting from the handle of the saw, tjie file 
should be run along the top of tht? teeth once or .twice to ensure all teeth 
being in line. This should not be overdone, as it must be remetubered that 


scores 






S^OTeS 172 PRACTICAL PRINCIPLES 

tliu teeth liave again to be filed up to sfiarp points and any nMless rubbing 
down iriereaHen the labour involved to my nothing of wasting the saw plate. 

{h) Setting .—The teeth Hhould next be set. ProfeNsional saw Battel's 
accoinpliHh this by ineans of Hpecially constructed haintners and anvils, each 
tooth I'eceiving one blow sutticient to produce the re<pxii'ed amount of 
bending. All blows inuKt be uniform, an operation requiring great skill. 

It is the custom now to use one of the many specially constructed 
appliances for this purpose. The principle of construction involved is a 
<!omhined punch ami anvil, with screw attachments to rt‘gulate each in 
keeping with the size of the teeth to ha .set 

Whatever inetluxl he adopte<l it is essential to Ijear in mind that the 
liendiiig must Ixj in the tooth itself, and principally at the top. Any 
attempt to l)end the tooth Imlow its base causes the Ua^th to fracture and 
di.storts the plate. There is greater danger in this respect when using the 
(Hitent saw sets than if the hammer and anvil meth<xj be adopte<l The set 
must be uniform on both sides, otherwise the .saw, when in use, will tend 
to curve towards that side on whicli the teeth have most set. 

Amount of Sot. —1'his de|)eiids entirely upon the work which the saw 
has to perform. 

Saw.s for cutting dry seasoned wood I'equire les.H set than those used for 
cutting wet or unseasoned wood; for cutting hartl wood, less than those 
used for soft wootls; for cutting in the direction of the fibre, less than for 
cutting tveroMs the fibre. 

The main object is to afford just sufficient clearance in the saw “kerf” to 
enable the saw to work easil 3 % and any undue amount of set involves waste 
of material, increast^s the labour involved, and makes it more difficult to keep 
the saw running true. 

Filing the Teeth. —The Hl>a(>e of the teeth wa« dealt with when speaking 
of ttio coiiHtructioD (aee p. 157). “ 

The .sliapc will of course (le|)cnd ujion tile particular angle at which the 
lile is hehl. In all cases the handle of the lilc is lowered and turned in the 
diij'ction of the tip of the saw. 

Having iletennineil the rcquire<l angle at which to'hold the file, care must 
be taken to iiiaiiitain this angle for all the teeth. “ 

The filing takes place from both sides of the ^iade, in oixjer to form the 
cutting erlges to the front of each tooth. Every alternate "gullet” on one 
side is first filed; the saw is then turned and the intervening "gullets” 
similarly ilealt with. 
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Rip-saw TSSth. —For tlicsc the file should bo hold almost at right angles 
to the blado, thus forming more of a chisel edge than of a point at the top 
edge of the tooth. 

Flxingf the Saw. —The blade of the saw should be rigidly fixed in a vice, 
and tho teeth should be in line with the elbow when the elbow is raised for 
tiling. The position should be such that a gcssl light falls upon the U-etli 
in order that tho operator may see when each tooth is sharp. This is 
indicated by tho fact that light is no longer reflected from the top surface 
of the tooth which was flattened by the “rubbing down” process. 

The cutting action of the file must l)e uniform on ls)th edges of th(' 
teeth forming the particular gullet teing tiled, otherwi.se the size of the 
teeth will vary. 

The tile strokes should Iss uniform throughout, the Hnishiiig strokes 
Is-ing light in order to avoid formation of “burr" on the outside of the 
teeth and any undue bending of the point. 

Filing must cease immediately the tooth has Is'cn brought to the poinl. 
Should tile tiling Ixi continued after the point is formed, the “true line" of 
points will be destroyed and the work of cutting will not be evenly 
distributed. 


(TIAPTEK IV 
Planes and Planing 

Planes are instruments used for removing the surface, of wood and re¬ 
ducing it to any desireil sliapc or form. 

Tliey may Ije classifleiPin three groujis: 

(«) Those used for proilucing plane surfaces. 

(h) Those used for pnslucing concave or convex surfaces. 

(c) ITiose used for producing mouldings. 

• * ^ 

Cfenertl Description. —Planes consist of two main parts. In all cases 

there is a cutting iron, and* this is supported by means of a brsly, known a’S 
the “stock”.. The stock, in additioi^ to acting as a support for the (Sitting 
iron, enables the action of tlie cutter to be controlle'd, and the under surface 
serves, in some (awes, as a pattern of the surface it is desired to jfroducc. 
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Reuons for Planing^. —When the wood leaves the saw, the surfaces are 
in a rougli state, sitowing the marks of the saw. The surfaces are often 
twisted, especially if the timber lias been cut a considerable time, and the 
dimensions and shape of the wood may not be such as are desired. 

When pieces of wood have to bo carefully fitted together it is necessary 
that each piece bo made true in order that the various joints can bo accurately 
marked for cutting. 

The reasons for planing which commonly apply to manual training may 
lie summarized as follows:— 

1. To produce plane surfaces. 

2. To obtain the reijuired angle lietweon adjacent surfaces. 

d. To reduce the wood to the required dimensions and shape, it the work 
lie not plane surfaced. 

4. To proiluco smooth surfaces. 

It is important that in any such scheme the prisluction of smooth surfaces 
bo placed last, because it is so easy to pnxluee “smooth surfaces" and yet 
ignore all the mure inqxirtant details of dimonsions and angles. 

The success of a piece of work is largely depi-mlent iqKm the <|ualily 
of the planing, ami when a scholar has been taught to plane accurately 
there need be little fear concerning the quality of his finished work. 
Teachers are well advised to jsiy particular attention to this {mint. 

Planes used for Producing: Plane Surfaces.— To this class many planes 
belong, but for manual-training purposes the following will suffice: («) The 
jack plane; (/>) the trying plane; (c) the smcsdliing plane; (</) the rebate 
plane; (e) the ro<iters. 

The Jack Plane.— .Jaek planes are used for removing the rough surface 
of the wiHsl and making it approximately true. They are also used for 
redtieing the iliinensions when> much material has to be removed. 

CoN.STRijirrniN. —Tin' construction of the jaek plane Isdng typical of most 
planes, it is hero <lealt with somewhat fully, thus avoiding the necessity for 
treating all such planes in detail. 

' Jack pianos are usually made of wood, beech being most suitable for the 
purpi'wc, although many of them arc now manufactured entirely of iron. 

Beech is ustxl in their manufacture for the following reasons; (a) It is 
a hard, close-grained, compact w<ks1; (h) it is uniform in texture; (c) it retains 
its shape well when it is thoroughly seisoned; (t/) it is sufficiently dense to 
give the required weigh!; (>) the .surface wears well and uniformly; (/) the 
wood is plentiful, hence it is reasonably cheap. 
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A. The Stock .—Usually about 16 in. long by to 31- in. squai-e, according 
4) the width of the iron. 

The stock is subdivided into many minor parts; (a) The lip or ■nose: The 
.front end of the plane. (5) The heel: The back end of the plane, (c) TIte 
face or sole: The under siirfaw;. (d) The mouth: 'J'he opening in the face 
through which the shavings enter, (e) The e.scais'me'iit: The opening in the 
top surface through which the shavings escape. (/') The In'd: The incliiuHl 
surface upon which the cutting iron rests. (</) A dot hi the bed: To receive 
the head of the screw which is used for fixing the two portions of the 
cutting iron together. 

The stock also has let into 
it:— 

B. The Uaudle or Toot .— 

This is made of beech and let 
into the stock for about } in. 

The grain of the wood is 
very short, and any carelessness 
in handling the plane will often 
cause it to break across, the two 
chief causes of fracture being; 

(a) Dropping the plane; (5) 
holding the plane by the handle 
whilst delivering the blows to 
liberate the iron. This is a com¬ 
mon fault with boys, and should 
be carefully guardcsl against. 

The correct nietlusl of performing this op<-ratiou will Ijc explained later. 

C. A Button ,—A raised piece of very hard w<ssl (usually boxwoo<l) 


TV ' / '/ 
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Fig. IM 


which receives the blows from the mallet which are delivered when 
separating the iron from the stock. The button Ixdng raised, and exmsisting 
of hard wood, prevents damage being done to the plane by the repcateil 
blows from the liamme^ or mallet. It can easily 1)0 renewed when worn, 
and is le^ into the stock for a distance of about } in. ‘ 

D.‘The ^ivedffe. is made of beech. It serves to Hx the cutting iron in 
position, and fits into carefully prepared grooves in the sides of the* 
escapement The fitting of the wedge is important • 

The following faults will arise from misfitting Aedges: (ns) The cutting 
iron "chatters", i.e. vibrates and produces uneven cutting; (b) the’ shavings 
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force their way between tlie wedge and iron and cause the plane to " choke 
up”, i.e. the mouth becomes stopped witlx shavings which cannot pass 
through; which necessitates taking the plane to pieces and "re-setting” it. 
The difficulty constantly recurs until the cause has been removed. The, 
wedge is fox’ked, as in sketch, to give clearance in the centre for the 
shavings. A notch has also to be made in tlie back to enable it to [lass 
over the “buck nut” on the cap iron, thus allowing the wedge to bed firmly 
on to the iron, the pressure being in this manner uniformly distributed. 

The Iron.s.— The accompanying sketch (fig. 157) 
■hIkxws the detxiils of construction. 

The Viilling Iron .—This consists of (a) a blaile of 
iron with (5) a steel face welded on its upper surface, 
the steel face being eontiimed as far as the slot, as 
indicated by shading in fig. 157. 

{(■) The width of the cxitting-iron determines the 
size of the plane, the usual size Ixung 2J in.; for manual 
training 2-in. .jack plant's ant as heavy as can be 
managed by Isxys. 

{(1) A slot having an enlargement at one end through 
which the head of the screw passes which is used for 
fixing the “cap or Ixaek iron” to the cutting-iron. The 
various bevels a|)plying to the cutting-iron are shown 
at the .side in fig. 157. 

(e) The Oritiding Bevel .—When the irons are gi'ound 
ng. is; the surface made by the grindstone should make ap¬ 

proximately an angle of 25° with the face of the iron. 

(/) The Sharjieniiig Bevel .—When sharjiening the irons on the oilstone 
the face of the iron should make approximately an angle of 35” with the 
surface of the stone. 



{g) Angle of VUarance .—When in position in the stock the iron is 
"pitcheil" at an angle of 45", i.e. the angle which the “Ixed” makes with 
tiio “face" or “sole” of the plam'. 

It will thus be seen that there is a diflerence of 10”, which enables the 
sharp cutting edge to freely enter the wood. If no clearance be given the 
sharpened surface slides over the wixsi. but no cutting takes place. This 
error' is sometimes due to faulty shai'pening, which often Jiappens with 
beginners, who, in theii eagerness to “ sharpen the iron qmckly” elevate it 
to too great an angle. 
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Taper op Irons. —It will be seen that the cutting iron is much thinner 
at the top than at the cutting end. When the plane is purchased the open¬ 
ing at the mouth is very fine—narrow* but as the iron is ground from 
^time to time, this opening becomes larger, so large, in fact, that it is often 
necessary to lot a piece of wood into the face of the plane in order to reduce 
the width of the opening, as in fig. 158. These pieces are about J in. thick, 
and must be very carefully fitted. This opera¬ 
tion is known as “ remouthing 

Parallel Iron.s or Oauoeu Ibon.s.— In order 
to avoid the necessity for "remouthing”, plane 
irons are now manufactured which are uniform 
in thickness throughout. Repeated grinding does 
not, therefore, affect the opening at the mouth. 

'rhe.se irons are slightly more costly, but prove 
more economical in the end. 'I'he mouth being 
kept fine enables more accurate work to be exe¬ 
cuted. 

The Cap or Back Iron.—( a) These are made of steel and are curved as 
shown in fig. 159. 'The object of the curve is to enable the front edge h 
to tit exactly and tightly to the surface of the cutting iron Any mislitting 
along this edge allows the shavings to pass between the two irons, thus 
causing the plane to “choke up”. Once the edge "beds", i.e. fits properly, 
it should on no account be interfered with. 

e a brass back nut^ riveted into the iron to 
receive the screw. 

d is a setscrew having a large “ jmn-shaped ” 
head, the under side of which is flat in order that 
it shall fit the surface of the cutting iron. 

It will now be seen thAt when the cap iron is 
in position on the cutting iion the edges h and e ris m 

are in contact with it, and the screw on being 

tightened causes these edges to fit more closely and so firmly as to provept 
any movement between them when in use. ^ 

fAte ofjhe Cap Iron. —The cap iron serves to regulate Uic action of the 
cutting iron. Assuming the wood to be slightly cross grained and apt to, 
“tear up”, if the edge of the cap iron be set close up to the cutting; edge 
the effert is lo hold the shading dotvn whilst the under surface is exposed 
to the action of the cutting edge, thus cutting beneath the risiiw shaving 

(C5)«) ,3 
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before il has had an opportunity of splitting below the line of action pf the 
cutting iron (fig. 160). 

When the wood is “ straight grained ” the cap iron is of little 6ervlll in 
this respect and can be kept farther from the cut¬ 
ting edge, about A to i '»• * 

The cap iron has the further advantage of 
stiffening the thin cutting edge, thus preventing 
“chattering”, which, if it occura, causes the sur¬ 
face of the work to assume a " ridgy ” or “ wavy ” 
appearance. 

yi, Condition of Cuttino Eixie. —It is necessary 

that the cutting edge should be kept sharp, what¬ 
ever be the kind of plane used. Blunt edges entail more labour and produce 
unsatisfactory work, and it is no "saving of time" to work with a blunt 
plane rather than spend time in sharpening the iron. 

Shape of Edue. —Considering that the jack plane is used 
for the rougher portions of the work it is advisable that the 
cutting edge should be curved as in fig. 161. It will be seen 
that when in use such an edge will form a series of hollows 
and ridges running in the direction of the length of the 
material. These ridges are afterwards removed by the “ trying 
ri». i»i plane", the cutting iron of which has a straight edge, except 
tor a very slight amount of rounding at the ends which pre¬ 
vents the cornei-8 from “digging" into the wood apd leaving sharp ridges. 

The Trying Plane. —This plane is much larger than the jack plane, 
being about 22 in. in length and about 3} to 3J in. in section. 

It is now manufactured in three different forms, as; (a) 
All wood (beechwood); (ft) All iron, except handles; (c) Com¬ 
binations of wood and iron. 

CoN-sTBUCTloN.—Tlie construction varies very little from 
that of the jack plane. 

Owing to the gi-eater weight of the instrument it is 
" Pii i«a necessary to provide for greater strength in tlie handle. 

This is secured by closing the handles, as show'n in fig. 162, 
the front portion acting as a strut or stay. , 

The " face “ or “ sole ” must bo kept very true, and the mouth should be 
kept very fine—" narrow Parallel or gauged irons are of groat assistance 
in this direction. 
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As already explained, the cutting edge must be very straight. 

pF Tevino Planes. —They are used for “ finishing" the surface of 
material after it has been made approximately true by the use of the jack 
4 )lane. 

Shooting.— “Making straight” the edges of boards which have to be 
“jointed” together. 

The shortness of the jack plane and “roundness” of cutting edge leaves 
many slight inequalities of surface, which are readily discovered by the 
trying plane with its greater face area and straight cutting edge. 

llie plane should be “sot” very line, the thickness of the shaving being 
about P^i^ uf an inch, the 

width being little short of the full ___l|l___l_llllll_l_llllllllllllll__ 
the 

The Plane.— This 

a small plane for 
the 

has been brought the desired 
shape 

The 

much the same 

The plane being very short, no 
handle is provided, but the body is '® 

made narrower at front* and back 

and all corners rounded off in onler that it may be clasped in the hands, 
as shown in fig. 163. 

Advantage of the Smoothing Plane. —When planes are in use the 
pressure exerted by the ^rator is of necessity distributed over an area 
equal to that of the face of the plane. When “cleaning off” or smoothing 
a piece of work it is often found that certain parts are more “cross grained” 
than others, these parts being more liable to tear up. The smoothing plane, 
being small, enables the^ull amount of pressure to be concentrated on eu<8i 
parts, th% cap iron being set much ckiser to the cutting edge, and the {Dane 
itself *bein^ set finer enables such difficulties to be overoomA 

Another advantage will be found in the ease with which this plane can ' 
be manipulate. I ■' 

Rebate Planet. —These are narrow planes (fig.* 164) so arranged that 
the cutting iron extends across the full width of the stock, thud enabling . 
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A fihaving to be taken otf which is the full width of the stock. They are 
used for forming “ rebates”, i.o. rectangular recesses along the edge of. a 
piece of wood. 

Construction. —The construction varies from the forcgofhg. • 

The mouth extends across the full width of the sole so that the escape¬ 
ment must bo formed in a ditferent manner to that previously described. 

The cutting iion is made parallel for a distance of about 2 in., then it is 
recessed on both sides and continued by a central shank, as in fig. 165. The 
central shank passes through a mortise in the stock which is sufiScicntly 
largo and so shaped as to receive a wedge for fixing the iron in position. 
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The esoapement has therefore to be formed on the side of the stock. Jt 
takes the form of a splayed circular opening having the larger side towards 
the operator and on the "off side” of the rebate when the plane is in use. 

No cap iron is used with this plane. In older to compensate for this 
deficieney and enable the plane to produce smooth surfaces the irons are 
placed on the “skew”. This also has the further advantage of casting the 
lhavings towards the escapement. 

'In the commoner variety of planes the irons are placed "square", but these 
seldom work sfreetly and are always liable to "choke up". , 

Router Planes. —Tlicse planes are used fol planing the bottom surface 
of if groove, or any surrounded sinking into wbich it wouhl be impossible 
to get any other form" of plane. They also serve to regulate the depth of 
such sinkings. The best form' is constructed of iron with screw attachments 
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to enable the depth of the cutter to b<^ regulated. Routers are often ini- 
pipvised in wood by mortising through a block of hard wooii and inserting 
the blade of a chisel, or a plough iion (fig. 166). Wooden routers, by reason 

of the high pitch at which the iron must 
Is! in.serted, do not act .so well as iron ones, 
which by reason of the special formation of 
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the cutter, can have the pitch so reduo^ as to produce the best effect when 
cutting (fig. 166<t). 

Planes used for Producingr Concave or Convex Surfaces. — Spoke- 
SHAVE.S. —Theseare 
in.struments used 
for planing curved 
surfaces and edges. 

Two forms arc 
in general use: («) 

The wooden spoke- 
shave; (5) The iron 
spokeshave. 

Wooden Spoke- 
.SUAVES — CoN- 
si'BUCTiON.-Spoke- 
shaves consist of 
a numbei^of parts 
much in the cose 
of the jack plane, 

but special mpdifi- | * 

cations have to be made in *view of the nature oP the work which they 
have to perform (fig. 167). ■- ' 
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A. The Stuek .—In the best spokeshaves the stock is made of boxwood, 

whilst beechwood is used for the inferior kinds. . 

The under surface, corresponding to the sole of a plane, is somewhat 
rounded in order to enable the instrament to pass freely round “quick ”—m 
small radii—hollow curves. 

The stock is sometimes faced with brass to preserve the surface. 

B. The hundUs are arranged in continuation of the stock and shaped 
out to an elliptical section to afford a firmer grip. 

C. The Blade or Cutting /ron.—This is made of cast steel, the ends being 
turned up at right angles to the cutter to form “ tangs", by means of which 
the iron is held in position in the stock. 

The inner face of the iron is hollow ground. 

When sharpened, a narrow stone "oilstone slip" is used, and this rests 
across the hollow, touching both front and back edges. 

I). The Tangs .—^These are pyramidal in shape, and pass through the 
stock. They are held iu position by friction alone. Tlie position of the 
iron is regulated by tapping the tangs backward or forward, as desired, 
with a hammer. There is great danger of fracturing the iron whilst doing 
this unless great care be exercised. 

E. The mouth is the opening in the face or sole by means of which the 
shavings enter. 

The amount of cut is regulated by means of the tangs, which, if driven 
forward, increase the opening at the mouth and the thickness of the shavings. 

F. The Eeoap&merU .—This is an opening for the escape of the shavings. 

Irok Sfokkshaves. —Iron spokeshaves are now largely used. The con¬ 
struction of the stock is much the same as for those of wood. 

The main difference is in the arrangement of the cutting iron, which is 
mode on the principle of an ordinary plane iron,,and is held in position by 
means of a screw. The cutting action of the iron is adjusted by means of 
the front portion of the stock, which, in the better kinds, is arranged on 
pivots and actuated by means of springs, the adjustment being regulated by 
iileans of a thumbscrew, as in fig. 168. ° 

Other forms are mode having double irons, i.e. a cap iton. 

Iron spokeshaves have usually a much flatter face or sole than wooden 
spokeshaves, hence they are not so suitable as the latter for shaj^ concave curves 

They are very liable to be fractured Hf allowed to fall. 

SiZK OF SPOKESHAvks.—This is determined by the length of the cutting 
edges, the most convenient sise being 2 or 21 in. 
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Planintr Processes. —The reasons for planing and the importance of 
correct planing have alreaily been stated. The various operations will now 
be described. . 

• SuBFACK Plamino.—T he material when it leaves the saw is rough and 
often slightly twisted, in addition to being too large. I’hese errors are 
con-ected by planing, and the first operation, consists of preparing a “ face 
side”. For this purpose the piece of timl)er is carefully examined and the 
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best surface.selected. It is then tested for “flatness”. This can be done 
in either of the following ways:— 

(a) Small Pieces.—The piece of wood is held in the left hand, an<f by 
means of « straightedge the surface is tested for straightness in all 
directions, Le. dikgonaUy anfl across the piece. ■'* 

Should the surface be flaj the stfaightedge will fit in any positiorf any 
error, such os a twisted surface, “warped”, or cifrvature being at once 
apparent, because the straightedge does not fit the surface. (See 'fig. 160). ' 
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(6) Lttri/e VieceH .—UnleHS a long Htraightvdge be useU it is clear that the 
furuguiiig method cannot conveniently be applied. Even should thU be 
[.loasible, slight errors in flatness would be diflicult to detect. In such cases 
the following method is a<lopted. « 

Two pieces of hal’d wootl, usually about 16 in. by 2 in. by J in., and 
having tlieir edges perfectly parallel, are prepareil, technically known as 
“winding liattens or strips”. The piece of woo<l is laid flat on the bench 
and the winding strips are placed across the surface, one at each end of the 
plank to be examined. The operator then takes up such a position that the 
eye is in line with the edges of the battens, and any error can at once be 
detected. It the plank is flat, i.e. a plane surface, the battens can be moved 
into various positions along the plank, but on looking across their edges 
they will appear always in the same straight line or parallel (fig. 170). 

Sometimes two jack planes are laid on their sides across the material 
in the manner described; these are cumbersome, and serve but as a rough teat. 

Having made a careful survey of the surface, the planing may now be 
started. 

Holding: the Jack Plane.— The handle or tool of the plane is gripped 
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firmly in the right hand, the first finger being extended' to the wedge. 
The left hand is placed over the front: end of the plane (nose), the thumb 
being on the near ride of the plane and the fingers on the off side, as shown 
in fig. 17i. 
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The fore end only of the plane Hhould reet on the material at starting, 
and pressure should be exerted by the left hand, and as the plane advances 
the pressure with the left hand is slightly reduced and that of the right 
• hand increased. 

Position ok the Body. —The operator .should occupy a position well 
behind the plane, in order that the action may be that of direct pushing 
along the line of resistance. Beginners often stand to the side of the plane, 
and eonscijuently much of the energy exerted is lost. The feet should be 
slightly apart, the left foot Isjing advanced and nearly parallel with the 
side of the bench, whilst the l ight foot ia practically at right angles to the 
bench (fig. 172). 

When taking the stroke, there 
should be free movement of the 
knees, elbows, and shoulders, the 
motion being similar to that of 
lunging. 

Removino the High Parts.— 

Unless the surface is already flat 
the plane should not to allowed to 
take continuous strokes throughout 
the length of the piece, but its action must to confined to first removing the 
high parts, to they corners, ends, or middle of the plank. When these errors 
have been approximately corrected the strokes may then to taken with 
greater freedom, and should pass freely from einl to end of the piece, the 
surface being frequently tested by means of the straightedge or winding 
Htri))s. 

Use of Trying Plane. —For manual-training purposes, and small work 
generally, the jack plane js usually sufficient for finishing the surface, but 
for large work it is necessary to introduce the “trying plane”. The surface 
of the plank is treated in the manner already described, and when ail 
roughness hjis been removed, and the surface made approximately true, the 
jack plane then gives place to the trying plane, which, not having to execute 
any rough work, can to kept in much totter condition.^ The mouth is 
much finer (narrower opening), and the cutting edge of the iron should 
to practically straight, for t.he reason already descritod. Trying planes, as 
we liave sees, are considerably lon/|er than jack planes, and thus insure 
greater accuracy in the straightness of the surface. 

The method of holding is similar to that described for the jack plana * 
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Little or no pressure on the plane is requiir^, the increased weight being 
ail that is necessary. The plane is merely guided over the surface, and of 
itself finds any high portions and' first removes these. When the surface 
is true, the plane should with ease remove a tine shaving from end to end • 
of the plank. 

Marking the Face Side. —When a surface has been made tnie it is 
marked with a mark known as the “face mark”, the surface being known 
as the “ face side” (6g. 173). Except under special conditions the mark should 
always point to the best edge of the material. This is at times varied when 
the working of a moulding along an edge hos to be considered, the mark 

being then airanged in such a manncF 
that when working the moulding the 
plane operates in tlie "direction of the 
grain”. 

Planing a Face Edge. — Having 
completed the face side, the next opem- 
tion is to plane the best edge, i.e. that 
edge to which the face mark points. If 
the piece of wood is thick, and will rest 
firmly upon its edge on the bench, it 
may be placed in a position similar to 
that for surface planing, and the opera¬ 
tion of planing proceeded with. Winding strips are not required for the 
tslge, but the surface must be mode straight and at fight angles to the face 
side, the surface being frequently tested by means of the straightedge and 
try si|uare. The try square should be always used with its st(x:k against the 
“ face side", a pi-ocaution which beginners frequently overlook. 

Thin Material. —When the material is too thin to rest on the bench 
as described it must then be fixed in the vice, which necessitates a modifica¬ 
tion in the method of holding the plane with the left hand. The plane 
needs to bo carefully guided along the narrow edge. This is accomplished 
by placing the thumb on the nose of the plane (ow the button), the hand 
and fingers being extended down the near side in order that the fljger tips 
may touch the surface of the work and so guide the plane and maintain 
its balance (see fig. 174). 

Before commencing to plane the suiface, it should bo tested by the aid 
of straightedge and try'square, for inaccuracies, and these parts should first 
receive attention. Should the material be hdlow the ends must first be 
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pl»aed, care being taken to remcive a uniform amount from eacii end except 
in the case of material which may happen to be slightly narrow at one end, 
in which case the hulk of the material would be removed from the wide end. 

• Should the surface be convex in the length, the planing should then be com¬ 
menced at the highest part of the curve and successive shavings removed, 
each being longer than the former, until the surface has been made straight. 

When inaccuracies occur in the squareness ot the edge, the plane must 
be balanced in such a manner that the sole is at right angles to the face. 

This is accomplished by 
' over 

* the 

by means 
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of the fingers which are on the face of the material. A series ot shavings 
is then removed until the angle is true, each successive shaving being wider 
than the former and thicker on that edge which was removed from the high 
part of the material; this is shown in diagrammatic form in fig. 176. 

This is a delicate operation, requiring skilful wrist manipulation, and for 
this reason forms a valuable manual exercise. ' 

RKDueiKO TO Width. —The next operation consists of gauging the madirial 
to width, which process is explained in Chapter II, '' Gauges* and Gauging". 
The material outside the gaifge mark is then removed in the manner described" 
for “edge placing The use of a straightedge is not necessary by reaAon of 
the gauge mark being parallef to a straight edge. Th^ try square should, how¬ 
ever, be frequently used to test the angle between the face side and back edge. • 
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Rei>l'(,'in<j to Thickkesh.— Both of the material are gauged to the 

recjuired tliicknees and the material outaide tlie marka removed after the 
maimer deacrilied for aurface planing. 

Common Errors of Begrlnners. —l. Beginnei's have a tendency to atand , 
with their feet together at the aide of the work luther than behind it, aa 

deaeribed. 

2. There ia a tendency to apply 
preaaure with the right hand at 
atarting and to apply preaaure with 
the left hand when (iniahing the 
atroke, with conaequent i-ounding' 
Ki* 176 of aurface and thinning of emla 

(fig. 176). 

3. When aquaring the e<tgo, the try aijuare ia uaed indifferently from 
either face of the material inatead of “alwaya from the face aide”. Further, 
the atock of the aquare ia often not held firmly to the face aide and per¬ 
pendicular to the edge, aa it ahould b('. 

4. Scholara often gauge their material fi-om the back of the work, i.e. 
from the untrued aurface, inatead of alwaya from the face side or face 
talge. 

5. There ia a great tendency to go below the various gauge marks. This 

arises from the fact that scholars, anxious to produce a flat surface or a 
true right angle, forget, until too late, that there is a gauge mark to be 
worked to. • 

These errors are remedied by careful demonstration and patient teaching. 
Remember that planing ia a difficult operation demanding careful thought 
and action, and whilst perfection ia desirable it can only be reached by 
careful and prolonged training. 

Encourage the weak Ixiys and be alwaya afort to detect and correct 
errors of manipulation. All work should be carried out by easy stages at 
the beginning. 

The Shooting Board and its Use. —Owing to the difficulty of keeping 
the ^lane steady when planing the edges or ends of very thin inafirrial—i.e. 
shooting the edges of ends—a shooting board ia often used. The shooting 
board consists of three parts. 

A!" The surface upon which the work' i-ests. ^ , 

B. Tlie "stop”, whi6h consists of a piece of hartl wood dovetailed into 
piece A, and having the front edge at right angles to the long edge. 
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C. A bed on which the plane rests on its side with the catting edge 
vertical (fig. 177). It will be seen that the surface A and the face of the 


i: 


Kte. 177 

plane arc inutunlly perpenilicnlar, hence the sijuarencss of the edge of the 
material is ensured. 

CoN.STBUCTiON OK SHOOTING BoARP. —The size varies according to the 

work to be executed. Ser- _ 

for 

are as I^ength 

Top for 

for plane 
by 
by 
When 
boards 

The bearers are 
cessed, as shown 

l]ie warious parts ll^llli^lliiliH^^IIIHHiPIBBHH 

screwed together. A small in,, ns 

opening about ^ in. wide * 

separates the. “plane bed”, from tluf edge of the “material bed", to‘allow 
any shaving to pass tbrougli. The “stop” B is nlade of hard wood and 
keyed into the top bed, the inner edge making a right angle witiS the edge ■ 
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of tho “ material bed”. Tliese details will readily be understood by reference 
to Hg. 177. 

Method of Usino the Shooting Board. —The work is held in position 

with the left hand whilst the plane* 
is manipulated by tho right as 
shown in fig. 178. 

There is a tendency among be¬ 
ginners to pull the plane over 
towards them instead of holding 
it firmly down upon the bed. 

Care must be taken when shoot* 
ing end grain to avoid splitting tliu 
work, which can be prevented by 
first chiselling the comer as indi-* 
cated in fig. 179. The arrow indi¬ 
cates the direction for planing. 
Chamfering. —In directU/n of the (frain .—This is usually performed 
with the jack plane, or with tho smoothing plane if the chamfer be small. 

The plane is held in the manner indicated for edge planing, care being 
taken to ensure that the face of the plane is parallel to an imaginary plane 

passing through the gauge 
marks. 

Using the Smoothing 
Plane. —The smoothing plane 
has many uses, chief of which 
is that of finally cleaning off a 
piece of work. Surfaces which 
are inaccessible after the work 
is together are first cleaned off 
before the parts are put to¬ 
gether. The exposed surfaces 
are cleaned off after the work 
is framed and fixed.- 

(a) Plain Surfaces .—^The 
treatment of large plain surfaces needs no special'comment. ITie plane is held 
in thb manner indirate<i in fig. 16.8. Needless to say, the plane should bo 
kept exceedingly sliarp; the cutting edge should \)e practically straight but for 
r vpry slight rounding at tho extreme corners, and the settincr should he fine. 
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(b) Crotsing In work where the groin of the various parts is 

djspo^ at right angles it will be necessary to hold the plane with its axis 
oblique to the line of the fibrea By so doing the cutting edge crosses the 
Joiqt diagonally instead of being 
presented full width to the cross 
grain. This prevents the surface 
being torn up, as would be the 
case were the cutting to take 
place at right angles to the fibres 
of the surface. Fig. 180 shows 
diis in diagrammatic form, the 
plane beingadvanced in thedirec- 
tion indicated by the arrowa 

The Smoothing Plane used for End-obain Planing. —When cleaning 
off end grain, the plane should be operated from both ends of the surface 
to bo planed, in order to prevent splitting. This is shown in diagrammatic 
form in fig. 181; and it will bo seen that hero also the cutting tslge occupies 
an oblique position. 

End-grain Chamfering.— 

This is best performed by the 
aid of a smoothing plane. The 
face of the plane should be 
iwrollel to the imaginary plane 
which passes through the>gauge 
marks, but the axis of the 
plane should be inclined to the 
direction of the chamfer, thus 
producing shearing action, 
which has the advantage* of 
producing clean smooth sur¬ 
faces and of avoiding splitting 
at the end 'of the chamfer. 

The plane, instead of moving 
directly toi;ward in line with 
its axis, is moved bodily forward in the direction of the chamfer (fig. 
182). , f * 

Using the Rebate Plan^ —Rebates or rabbets'consist of rectangular 
recesses along the edge of the material and can be formed in variftus ways * 
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Thp dimensions of the rebate are first gauged on each face of the work atad 
either of tl>e following methods adopted according to cireomstancea , 
(n) Vuing a Fence .—Thij consists of nailing a strip of wood to the vork 

having one of its edges coincident, 
with the gauge mark. The plane 
is worked in the rebate so formed 
until the gauge mark is reached 
(fig. 183). / 

(6) Uniiuj Chisel and Rebate 
Plane .—The use of nails to fix 
the fillet or strip of W(X)d in tlia 
previous example damages the 
surface, and in order to avoid tliis 
the following method may bo 
adopted. The dimensions of the 
rebate are gauged, using a cutting 
gauge for the pur|X)8e. The next 
step is to chisel out the gieater portion of the waste, as indicated in fig. 184, 
the face of the chisel being uppermost, as described in the chapter on “ Chisel¬ 
ling Processes” (see p. 21.3^ When the greater portion of the waste has been 
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'thus removed the faces of the rebate are tinisited by means of the “rebate 
pland”. 

(c) Forming Grooves .—When the rebates a're large, it is advisable to first 
make onS or more grooves throughout the entire length of the rebate by 
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mcatn of a “plough” (fig. 186), The core ie then easily removed by cliiselliiig, 
as in the last example, and the faces finished with the rebate plane. 

* Note. —^The plough is 
a very difficult tool for 
Ceginners to manipulate 
and its use should be re¬ 
stricted to senior scholars 
The previous processes 
afford valuable manual- 
training exercises, and 
lijis is the main point to 
lie kept in view. 

(d) Reixitinij by Aid 

((/ Ntda FiUiatrr. —The 
side fillister is practically 
a rebate plane provided 
with a fence for adjusting rig. ise 

the width of the rebate 

and a “depth stop" which can be adjusted by means of a thuinliscrew for 
regulating the depth (fig. 186). Like the plough, this tool is cumbersome and 
difficult for beginners to manipulate, 
and if used in the manual-training 
room should be reserved for use by 
senior scholars. ^ 

(e) Rebatiny with tkvth FiUiater .— 

The sash fillister is a combination of 
rebate plane and plough. It is spe¬ 
cially constructed for the formation of 
rebates on the “off side” «f the ma¬ 
terial. It is provide<l with movable 
fence and depth stop for regulating the 
width and depth of the i-cbite. Tliere 
is also a side cutter wlfich cuts the 

side of tlffj groove in advance of the ng. iirr* 

cutting iron, tbps yielding, a clean 

surface to the side of the rebate. It ^ held and tiianipulaled in the memner 
described for ploughing. • „ 

The object of the sash fillister is to enable the planing to take>place in 

(Otlt) 14 
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the direction of tlie fibres and to ensure the rebate being parallel to the 
face of the material. The principle involved was explained when treating 
of the planing of sides and arrangement of face marks. ‘ 

Use of Plough. —When making grooves running 
in the direction of the grain it becomes necessary to 
use a plough. The plough consists of a number of 
parts, see fig. 187: The stock; cutting iron; wedge; 
the skate iron; depth stop; fence; beams; wedges for 
fixing beams in position, thus adjusting position of 
fence; setscrew for fixing depth stop. 

The cutting irons ai’e specially constructed agd 
vary in size according to the width of the groove 
which it is desired to make. They are prepared in sets ranging from i to 
} in. by sixteenths. On the bock surface of the iron there is a V-shaped 
groove extending for a portion of the length and occupying a central position. 

This groove fits a 
V-shaped edge on 
the back portion of 
the skate iron, thus 
keeping the iron in 
a central position 
and preventing 
lateral movement. 

Tlie skate iron 
is about jV in. in 
thickness, its nar¬ 
row edge serving 
ns the "sole” of the 
plane. To prevent 
the front end of 
the skate iron 
from digging into 
Ha IN the material it 

is rounded, some- 

I times having a fancy finish, as in fig. 188, thus enablings it to glide over 
the “.urface of the material. When setting the plough, care must be taken 
to ensure that the inside face of the fence is parallel to the skate iron. 
When sharpening the cutting irons their edges must be kept perfectly square 
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in order to ensure the bottom of the groove being parallel to the face of 
the work. 

Having set the plough ready for use it is held in the manner shown in 
Qg. 189. llie ploughing should be commenced 

from the front end of the material and worked ||||||||||nm|||||_|||||||_| 

down practically to the depth the 

groove, gradually working backwards 

the back end of the groove reached. Tliis 

is illustrated diagrammatically in fig. lifO. 

The last few strokes should be taken in keep- riu. m> 

ing with the full length of the material. 

Using the Spokeshave. —When curved surfaces are to be planed it is 
obvious that the ordinary form of plane, with its long and broad flat sole, 
is unsuited for the purpose. A form of plane having its stock suitably 
constructed for such work must therefore be used. The simplest form is 
that of the spokeshave described 
in the chapter on planes (p. 181). 

(a) Convex Curven .—For these 
“iron” spokeshaves are most suit¬ 
able. 

(h) Concave CxvrveM. — When 
the curves are of small radius, i.n. 

“ (juick ”, small boxwood round- 
faced spokeshaves are bent. 

Owing to the small amount of 
“solo" in contact with the work, 
the surface of the abx:k is exposwl 
to a great amount of wear. It is 
therefore important tliat, when 
sawing such curves prior to plan¬ 
ing, the surfaces should be kept as 
even as pos-sible, and only a very 
small ina^n of waste allowed. 

Thd method of holding the 
spokeshave will rtadily be understood by reference to fig. 101. The tips of 
the first finger^ should be e.xtended dh to the top comers of the stocH in 
order to prevent the tool twining when in use. ' 
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CHAPTER V 

Notes of a Lesson on the Firmer Chisel and 
Comparison with Other Kinds 

(N<itk. —Wbilut thin (iiuniMU'uoii ban tjwn tfiven in the furiii of “Nntee of a with a 

blackbnarti aummary, it ia neeeaaaiy U> p«iiiit out that there ia far hat much detail for any one 
leaaiui, ft ia oonaulered arlviaable, however, to deal fully with the Huitjeet in the form tif one leamtn. 
leavintf teaehera to aeleut juat aa much of it aa will ault thu puriaMe nf any htaaitn they are giving,) 

Heiiuired for thr Imsoo.—V arUms kinds of chisels aa: Pal ing, Hntiof, mortise, register, 
gouges (scri)iing am) carving). * 

t^cinum of timd: White pine, beech, ash, tiox, elstny. 

Specimens of metal: Cast iron, wrought iron, steel, brass, copper, zinc. 

Iiitrodaotion.--[Exhiliit the chisels laid out for the lesson.] What are these 
instruments callodt With which are you most familiar I What is its special name? 
til this lesson wo will deal with this particular chisel. [As the lesson proceeds 
make comparisons with the other forms which scholars will use later, and on 
which there must ho sepirato lessons.] 

Putl.— Handi.IC. — [Itefer to handle.] What is this jiart calledl Of what 
material is it matte 1 Would any kind of wood suiti How did you drive the 
chisel forward when paring groovesi Are they always pressed forwanl by the 
hand alone 1 How are they sometimes driven 1 [Exhibit piece of pine.] You 
have already discovered the character of this kind of wood. Would it answer 
for chisel handiest What would bo likely to happen to it if struck with a mallet? 
What then must tie the character of the wood used for handles? “Hard, tough, 
strong.” Name an.v such woods. [Explain ash, licech, Imxwood. Exhibit speci¬ 
mens. Compare handles with sMcimens.] Of what ^ood is this handle made? 
[Compare comparative cost of diHerent woods. BoJrwocnl the Ixist, but costly; ash 
and mccA suitable and plentiful, hence cheap; ebony suitable only for “hand 
pressure”, very costly, very brittle and apt to split if driven with a mallet.] 

Top of Handle .—[Allow scholars to compare different kinds.] What do you 
notice? Why are some flattened, others sphericalk Which are spherical? How 
are these dnven forward? Which are flattened? Itow are they driven forward! 
One has an iron ring round the top. Why is that? AVhat is the advantage of the 
rounded end? [Demonstrate; Spherical end fits palm of hand; flattened ends would 
jnake the hands sore.) 

Shape nf Handle ,—Are all the handles alike in shape? How do they differ in 
shape? "Cylindrical — Elliptirnl" “Cu.vcfl—Plain”. [Refer to each in turn.] 
How are these handles gripped when in use? 

[Exhibit firmer.] is this cylindrical? Why so small? Why curved at 

lower end? [Demonstrate that the cur'e is made to fit and accommodate the 
thumb.] [Exhibit “register”.] Curve affordsocomfortable grip when driving. 
[Exhibit “mortise”.! Not so comfortable to grip, but elliptical section enables the 
chisels to be kept from turning when in use. 
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Thk Fkhrui.E. —[Refer to Ferrule.] What is thisi Why is it iieecsssiy to 
have a liaiid of metalt What is likely to cause the haiulle to split? What is the 
“Aiing” inside the handle furl [Take a chisel to pieces and exhihit the tang.] 
What happens to the wood when a spike of this character is tIHven into the end 
grain I [Deinonstrate by driving a large nail into a piece of end-grain Wisxl of 
small section.] Why is this handle not split! Hotr mts the spike l>cen able to 
accomincxiatc itaelf without splitting the. wood or even spreading it out! [It will 
l>e necessary here to explain that when the tang is driven in the fibres of the 
wtxxl are driven closer together — “compressed".) The fibres tend to escape this 
eompiession in an effort to return to their original |iosition. In doing so they 
press on the “spike”, i.e. “tang”, setting up suflicient “friction” to hold the spike 
firmly in the wood. The fibres also tend to csch|ic in an outwai-d direction, but 
artf prevented from doing so by the “lian<l of metal”. The pressure of the fibres 
on the metal tends to pull the metal asunder. >Surli a pulling force sets up 
“tension” in the metal. [Explain tension. Mention other examples. The rn|)e in 
a tug of war, itc.] Of what kind of metal is the baml made! |Exhibit specimens 
of copper and zinc.] Can you name these metals 1 Each is a |)ieco of pure metal, 
not a mixture. You will be surprisecl to learn that when these two metals are 
melted and mixcil they yield a metal such ns this liand is made of. [Explain 
when metals are mixed they form “alloys”. “Brass is an alloy.” Explain: The 
luind of metal we have been discussing is called a “ferrule".] 

One chisel has no ferrule; which is it! This has no ferrule prolaibly owing to 
the large section at the end and the awkwaixlness of its shape. 

One has a ferrule at the top. Which is it! Why has it a ferrule there! 

The register pattern has a ferrule at the top, whilst the ordinary mortise chisel 
has no such ferrule. Why is this! [Explain and compare the dilfcrcnco in sectional 
area.] Mallet only used on mortise chisel, hammer often used on “ri'gister”. [Ex¬ 
plain: Compression of fibres, duo to blow from striking tool. Nature of steel hammer 
as compared with “wooden mallet” and consequent efl'cet of “time of impact”. 

(») Sleel Hummer .—Hard and unyielding—force of blow localizetl-time of 
impact short— reduced time of impact causes reduced effect in blow—localized 
force and reduced impact lead to sudden shock on material treated, if of wood it 
causes sudden compression and great tendency to split. 

(b) Wooden Miillel .—Softer and more yielding—force of blow distributed—time 
of impact much greater—blosv more effective.—shock reduced—less tendency to 
split material—wood too soft, hence only suitable for use on Wfxslcn articles. 

Note. -Where a driving agent is used to drive forwaitl any object against 
resistance in the direction of its motion it is necessary that that driving agent 
should bo of harder material than that of the body driven, otherwise the effect If 
impact will be to damage, or do work” u|)on, the driving agent.] . 

The BUHDE.— [Exhibit a blade.] * 

The Tans. —You call this pirt a spike; its real name is “tang”. For what is 
the tang used! What is iu shape! [I..ead up to wedge shape in both directions, 
i.e. “a pyramid”.] How does it grip tlw wood! [Explain; Many tools aitffilarly 
constructed, a fpike-like formatisii being used to attach ^he metal portion of the 
tool to the wooden handle; in all cases this is known as the "tang .] , 
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The Shoulder. —[Refer to enlargement at baee of tang.] What purpose doea 
it eervel How is the force of the blow transmitted from the handle to the blade 1 
What would happen if there were no “bearing surface”, [Explain: The enlarged 
surface at latse of tang is known as the shoulder. It serves to reeeive and transmit 
the force of the driving blow. It is advisable to call attention to the extra cona 
pretsion set up in the fibres of the wood inside the femile, and the consequently 
increased tension on the metal thereby induced. 

Compare area of shoulders.— Firmer chisels. —Small—force applied small. Mortise 
chisels. —Very large—have to transmit much j^reater force. Register mttem —No 
shoulder. Yet these also have to transmit considerable force. How is this difficulty 
overcome 1 

Refer to tang and call attention to large sectional area at base.] When a heavy 
blow is delivered on the handle the force is transmitted to the blade by the 
surfaces of the handle in contact with the tang. The “reaction” of the tang tends 
to split the handle. An enormous amount of compression is set up in the wood, 
which has to bo resisted by the ferrule. Hence the ferrule must be exceedingly 
strong. [Examine the ferrule.] Of what is it made! Is there any difference in 
thickness compared with the other ferrules? [It will be necessary to explain that 
iron resists a much greater tensile strain than brass. Hence the difficulty of 
having no shoulder is met by using a much stronger material and making the 
ferrules much thicker.] 

The Neuk —[Call attention to narrowing at top of firmer chisel and gouges, 
and the aliseiice of such narrowing in mortise chisels. 

Demonstrate use of mortise chisel used as a lever to remove the “core” of a 
mortise.] What would happen if such chisels wore narrowed in at the top? Are 
Firmer chisels used in the manner just demonstrated? [Compare the “remoter” 
pattern with others and show that it is much stronger. Explain; In oraer to 
reduce the wide blade in a suitable manner to form the shoulder and fit the 
smaller handle, they are reduced in section as shown, this part being called the 
neck.] Where are firmer chisels most likely to break? What is most likely to 
cause them to fracture at this part? “Improper leverage.” 

The Blade Proper. —[Compare the different blailes. (a) Some thick, others 
thill, (b) Some wide, others narrow, (c) Some flat, others curved, (d) Some 
streighb others bent. 

Which chisels are thick and which thin ? Explain mame of each if not previously 
mentioned during the lesson.] 

Why is this one (mortise) so thick? Why is this one (paring) so thin? 
[Again compare the work to be executed by each and lead the scholars to see the 
advantage of each special form.] 

Flat and Curved. —[Compare flat chisels with 'gouges. Explain: Chisels 
having a flat surface must be used wheff' it is necessary to produce fUt siirfacea 
Ooiiges used for producing curved surfaces. Curves vary according to particular 
kind of gouge. Call attention to work executed by each, as: Fluting with firmer 
gouge; concave curves pared with acribiag gouge; carving gouges used for both 
fluting and rounding.] <' 

Straight and Sint. —[Compare ordinary gouges with carving gouges. Exjdain; 
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The curves which a carver has to make are often so varied that in order to obtain 
ll^e necessary “sweep" the blade of the gouge must be bent. AVamjrfr.—Klnlcs on 
shaip concave surfaces, Ac.1 

WlDB AND Narrow, —|Call attention to width as compared with thickness. Ex¬ 
plain that width means len^h of cutting edge in flat chisels, and distance from edge 
to edge in curved chisels. Kcfer to mortise Niseis, often thicker than they are wide.] 

The Orindino Bevel, —[Call attention to grinding bevel on each. How is it 
pixxiiicedt Why is it “ground” and not prepared on the oilstone! (See notes 
on .“Grinding”; also “Cutting Action” dealt with later). Cull attention to fact 
that the angle which the grinding licvel makes with the face is much the same 
in each case. The paring chisel is more acute than the mortise chisel. 

Call attention to grinding of gouges, (a) Firmer gouges are ground on the 
convex surface, (b) Scribing gouges are ground on the concave shle. 

Grinding bevel usually inclined at 25° to face.] 

The SharpkNINO Bevki,.—[R efer to surface producocl by oilstone.] How is 
this produced! Why is it so smooth compared with the surface produced by the 
grindstone! Is it necessary to have the surface so smooth! [Explain necessity for 
having two perfectly smooth plane surfaces intersecting if a keen cutting edge is 
to be producM.] 

Demmulmliou .—[Take a wedge-shaped piece of wotsi, and with a gouge make 
flutes down the face to represent the scratches made by the coarse [larticlos of grit 
composing the grindstone. Call attention to effect of sueh grooves (flutes) n^n 
the cutting edge, i.e. its saw-like appearance. What kind of oilstone will prodiice 
the keenest cutting edge! Oilstones which produce the keenest cutting edge are 
usually very slow cutting. For ordinary work one of “medium cut” is used. 
(See note on “Oilstones”)!^ 

The Cuttino Edoe.—^[A llow scholars to examine with a lens and notice the 
serrated appearance of e<lgo.] How can this be reduced to the minimum! 

The Face—[C all attention to smooth character of face in all cases.] 

CoMi-osiTloN OK Blade. —[Refer to stamp on chisel “cast steel. Of what is 
the blade made! Explain; Though made of cast steel it does not mean that the 
blades are cast in moulds to their particular shape.] Cast steel refers to a particular 
variety of steel iis^ for the manufacture of chisels. Bars of cast steel are forged 
to the shape required. The chisels are then ground, hardened, and tempered. 

[Compare wrought iron—%teel—cast iron. Refer to similarity in appearance, 
riemonstrate ease with which cast iron can be broken. Call attention to biiitU 
character. Fracture a piece of wrought iron. Call attention to repeated bending 
required. Note fibrous character of fractures. Exhibit specimen of fractured s^l, 
if available, and compare, fractures in all caws. Explain: Brittleness in irost 
induced by a substance called “carbon”.] Which specimen contains most carbon! 
Whiob contains least carlmn? Iron containing no carbon is known ns wrought 
iron, and is ductile and fierd^. 

Note—D aefthts capable of being drawn out. F/ftriife=capable of being bent. 

When iron .contains a small quantity of carbon up to about 3 per cenP it is 
known os steel. The carbon ifiakes it exceedingly hard and “elastic”, and also 
enables it to be “tempered”. • 



i^ores 


200 


PRACTICAL PRINCIPLES 


harder vurietioa of Hteel are forged only with difliciiltv, steel must on no 
act omit 1 h 5 lioHted to the mime degree as wrought iron when being forged. 

Steel is the only ineUkl capable of lieiiig ** haixlernxi" tml “tempe^d”, other 
metalM can be hardened" but not **tempered". 

When iron contains more than 2 per cent of carbon it is known as ‘^cast iron’« 
It cannot be forged on account of its brittle character. It is melted and moulded 
to shape. 

UsK of CiiiHRLM.—For what are all kinds of chisels useiPt The action of most 
chisels ill removing a thin shaving is known as ‘‘paring" 

Notk .—Paring ~l\\i3 act of teilncing by removing thin shavings. 

I HLACKBOARD NOTES 

A FIKMEK CHIHKE 

Beftnition.—An instrmnont used for paring wood. 

Farts.—A. Hmullf. —Woo<l—boxwoo<l, Ixiech, or ash. 

—Top portion, cylindrical; lower portion, shaped to 

fit thumh. 

B. Fen'uU. —Brass—pi'events handle splitting. 

C. --Position: Portion inside handle. Use: Fixes blmle 
to handle. Shape: In form of a pyramid. 

1). Skonldrr .—Expanded iiortion of blwle at base of handle— 
Prevents blade driving too far into handle. 

E. .fi/rtffr. -Cast steel—Forged and ground—Contains small 
quantity of carl>on-~Can be tem{>ered. 

F. IfecJc .—Blade narrowed in to fit shoulder. 

(1. Fare of BlmU.- -Flat side—C’opying anriaeo. 

H. Oi'inding —Prodncetl hy griniling; angle lietwcen bevel 

and face 25^. 

KH.svt*tch I. Sharpening Bn'tL —Prcslucoil on oilstone; angle of 3.5® with 

face. 

Sise of Chiod. —Width of blade. 

Kind'* of Chwh. —(A) Paring; (B) firmer; (C) mortise; (J)) gouge; (E) register. 
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CHAPTER VI 

Chiselling Processes 

It will be found that tlie exercises of Part III affonl facilities tor usiiijj 
the chisel in many and various ways. The ojK'rations involved have, as 
fur as [xjssihle, Ix'en arranged in onier of diHiculty. In this elinpter it is 
proposed to deal with eiudi as a .separate tiH)l exerei.se. 'J'he articles (pioted in 
parenthesi’s as examples of the various operations are seleehsi fisim Part 111, 
in which full jmrticulars of their construction, with illustrations, will Ih! 
found. 

The Firmer ChlseL —Horizontal Pakino at Right A.\ui,e.s to the 
FiimK,s.—An example of this type of paring is atibrded in the first series 
of grooves. The sides of 
the grooves must tii^st l)e 
sawn, care Ixdng taken to 
ensui'o that the “kerfs" 
made by the saw form part 
of the gr<x)ve. 

Having sawn the 
grooves the work should 
he fixed in the vice as jn- 
ilieated in fig. 1!)2. The 
chisel is grasped easily but 
firmly in the right hand 

with the handle bedded __ 

comfortably in the |)ahn. Fig iw 

The thumb should be on 

the top of the handle whilst the first finger |N>ints in the direction of the 
blade, the remaining fiijgers being clasped round the handle. ^ • 

The Ijft hand should be placed ovyr the blade os shown in figure. •* 

The left elbow should rest on the work, ns indicated. In order that this 
position may b# comfortably occupitsl it will lie found nts'csaary to e-xtend 
the right le^ liackward, both knees'being slightly bent. • 

The chisel should have the face side, i.e. “ flat gside", downwards. Tlie 
chisel is driven forward with the right hand, and its motion controlled and , 


a 
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regulated by means of the left hand, which acts as a repressing agent working 
about the left elbow as a pivot , , 

For ordinary grooves the chisel should be pushed about halfway aeross 
the matci-ial and the process repeated until the gauge mark is reach^, when , 
the material should be reverserl in the vice and the chisetling repeated until the 
gauge mark on that side is reached. The bottom of the groove should then 
be tested for flatness by the aid of the try square, and any errors corrected. 

The shaving should at all times he thin, in order to ensure true cutting 
as distinct from the splitting action of the “wedge-shaped" chisel. 

All strokes should be steady and continuous—not jerky. Jerky chiselling 
leads to splitting and the production of uneven surfaces, owing to the lack> 
of control. 

Erbors Common to this Form of Chisellino. —It is often found that 
all the fibres of the material composing the waste to be removed have not 
lieen sawn through, i.e. the teeth of the saw have not reached the gauge 
marks on the opposite surfaces simultaneously. When chiselling, the fibres 
which are not sawn through are lifted by the chisel and burst or splinter 
in the centre, but remain attached to the sides of the grooves. How are these 
to be removed? In the first place the sawing should be carefully watched 
and scholars mode to test it by placing the saw in the kerf and examining 
whether the teeth touch both gauge marks at the same time. Any uncut 
fibres in the centre of the material will prevent the saw reaching the gauge 
marks. This should be corrected by further use of the saw. 

In the endeavour to avoid going below the gauge marks with the saw 
it is often found that there still remain a few 
uncut fibres, and it is not advisable to return to 
the use of the saw to sever them. Two methods 
are available for severiiig these. 

Shearino Cuts.—( a) By holding the chisel 
firmly on to the bottom of the groove and press¬ 
ing its edge firmly against the side of the groove. 
If the chisel be now steadily advanced, the edge a 
of the sharpening bevel, fig. 19.3, appearf to rise 
up the side of the groove and the fine fibres Which 
protrude are shorn otf. This affords an opportunity 
of callfhg attention to the “shearing ctft” as distinct from cuts made with 
keen cutting edges. Refer to action of scissor^ and shearittg machines. 

(It) The chisel is held in a slightly ittclined positron, as shown in fig. 194. 
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with its face firm Against the side of the groove. It is then drawn towards 



the operator in (.he direc¬ 



tion indicated by the 



arrow, thus severing the 



fibres, which can after¬ 

r \ 

>1 

i\_ ■,,. 

wards be removed by 


chiselling in the ordi¬ 

■i 

nary way. 


Method to he 

i 

1 

Avoided. —Left tothem- 
1 11 

! 

iig.m 

Helves, sclioiat's ai’o very 
apt to adopt the method 

Kill, m 


indicated in fig. 196, with the result that the side of the groove is chiselleil 
and faulty. This method should on no account be adopted. 

Horizontal Paring Oblique to the 
FIBRE.S.— This application of the chisel is 
involved in the series of grooves forming 
the second portion the exorcise. 
wood should be fixed the 

the 

chisel a 

to that already descrilxsl, but the Ixxly is 
ranged in the of the 

In no necessity to 

opposite sides. 

should be turned a manner 

when chiselling, the cuts arc made in 
direction which the fibres are running. 

The chisel should be kept horissonta! 
position and pushed steadily across the full 
width material, ^hat has already 

been sai4 concerning uncut fibres and the H[H^H|[|||H||||||^B|BpH 
methbd of jremoving them can be applied ri(,‘i 96 

in this case. • 

Vertical, Chiselling or PARiNto. —This method of chiselling i# often 
adopted for removing comers, paring the end of* material, and forming 
convex surfaces which cannot be finished with the spokeshave. • • 
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Vtut ViUs. — Tlxe chiiK'l Hhould be lield in the manner indicated in 
tig. lot), 'rile handle ie liniily claeped in the right hand with the thumb on 
the top. 'I'he blade is held and guided by moans u( the thumb and first 
linger of the left hand, the lower portion of the hand also servos to keep 
the material in position on the “cutting board”. 

When wide cuts have to be mode, care must bo taken to study the 
nature of the material to be cut and advantage taken of the “wedge action” 



Kig. im 


Kig. IfK) 


of the chisel. Fig. 197 illustrates the correct method of chiselling a wide 
surface, ami fig. 198 an incorrect method with conseiiuont splitting. 

SllEARINO Cuts and Chamferino. —(«) Cross gp(in—-nt right angUn. 
{Ejaimjtle. EXERCISE IV, p. 251. Keyboard.)—When small chamfers have to 
be formed on the cross grain, they arc usually made with the chisel. For this 
purpose the material should bo fixed in the vice in an inclined position, as in- 
ilicated in the figure. The chisel is held in a manner similar to that described 
for grooving. The cutting edge of the chisel ocifupies an obli(jue position 
relative to the fibres, which position is maintained during the removal of 
the shaving. The chisel is not pushed forward in the direction in which 
it is pointing, but is drawn obliquely across the material as indicated by 
the arrow in fig. 199. This action shears off the material and has the effect 
of producing a smooth surface and avoiils the tendency to split which arises 
when the chi.sel is held at right angles to the material and pushM forward 
in line with the axis of the chisel. 

(b) Cross Grain — Obliqvr .—In this case it is not necessary 'to adopt tbe 
shearing pi'ineiple, but the chisel may be held in line with the chamfer to 
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h(i formed and pushed directly forward, care being taken to ensure that the 
cutting takes place in the direction of the fibres (fig. 200), 

(c) Jn Direction of Groin, 

{Example. — Oxford picture 
frame.) — It often happens 
that chamfers have to be 
formed which run in the 
direction of the grain. If 
these bo continuous through¬ 
out the length of the material 
a plane should Isj u.sed, but 
in cases where they do not 
extend for the full length of 
the material the chisel must 
be used. ’The chisel tihould 
be appljpd in the manner de- 
scriBed a^ove in Seetion a, 
and very thin eSiavings should 
be taken. 

It is important to see ttlat the face of the chieel is held at the proper 
inclination in order to allow the chisel to be carried the full length of the^ ’ 



Fla. »i 
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chamfer without altering the inclination. The cute must be made in the 

direction of the fibres (fig. 201). 



r<(. »i 1%. m 


(d) Cunvd ChAimfers. (JSxampUa .—Bread board; photograph frame.)_ 

When the curves are sharp it is often impossible to use a spokeshavc for 
such chamfers; the difficulty in such cases is overcome by using a chisel 

with the bevelled side 
towards the material. 
The principles in¬ 
volved and cutting 
action employed are 
as already eicpiained. 
It will readily be 
understood that this 
tyjs! of chiselling re¬ 
quires skilful wrist 
manipulation. Fig. 
202 illustrates the 
process. 

This method is also 
applied to the forma- 
fig,gg) tion of "curved slops” 

• to stop chamfers. 

PAk.iNo Obliquely in the Direction ok the Fibres.— («) Continuous 
cuts. {Bleampiea .—Key label; bearer for egg stall'd; pin for lapped dovetail > - 
, This is a fairly simple operation. It is necessary to maintain perfect control 
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over the action of the chisel by means of the left hand. Fig. 208 indicates in 
a general way the method of manipulating the chisel. 

The work is so arranged that the directicm of the cut beoomm as nearly 
as possible horizontal. 

(6) Stopptd Catting .—When forming 


rig as rig. m 

the dovetail pin the loft hand must exorcise a repressing action in order to 
prevent the fitting shoulder being damaged by the chisel (fig. 204)i 

(fl) Oblique Notching. {Example .—Bearers for the egg stand.)—Having 
marked out the material, a saw kerf is made as shown in fig. 205. It is 
advisable tliat the kerf should not extend quite to the line. The chiselling 
should be proceeded with by working alternately fi-om opposite sides until 
the last cuts intersect ^at the bottom of the notch. .Should one side bo 
entirely finished before starting the other, it 
will readily be seen that there is a danger, 
when chiselling the second portion, of the 
chisel slipping and damaging the finished 
surface. ’ 

The chisel must be carefully represser! as 
it nears the intersection at the base of the 
notch. 

Vertical Pabino of Curved Surfaces. 

—(a) WKen the curve ie free throughout its 
length, (kxample .—Luggage label.)—The 
chisel should be held as already desrribed. Fig. 206 should make clear the 
eflfect of the chisel. The action of the wedge-shaped tihisel will to split 
the wood. .Should the chiselling be commenced as at a the chisCLwill force , 
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Cho waste uul in the direction indicated by tlie arrowhead, and as the fibres 
of the wood are continuous post the corner of the chisel, splitting will take 
place as shown. The chiselling should therefore be commenced as shown at 1>, 
Hg. 200; splitting still occurs along the dotted line shown, but the waste is 
free to move forward in the direction indicated by tbo arrow without the 
split running into the inner portion of the model. 

(6) Ounjined Curve*. —An example of this tyjje will be found in the small 
curve on the support of the wall bracket. 

Saw kerfs should be made at (t and b, as in fig. 207, and the chiselling can 
then Ixj proceeded with as in the last example. A small chisel should bo 



vice and vertically chisel the end at n, surface b Ixdng pared horizontally 
ami vertically. 

Stopped Ob<x)VINo. (Kaximide. —'I'hc wall brackef)—Having set out tho 
groove, the stopped end must bo mortised as shown at ii (tig. 208). The tip 
of the tenon saw can then bo worktsl in these inottises, and the groove sawn 
in the usual way. 

Mobtisino. —(a) Open. Alortieea, (Exiimple *.—Mortise in bridle joint, 
fijotstool, slote for dovetails.)—Tho work having been set out, the sides of 
tho cipenings are first sawn. The bulk of the waste may then bo removed 
in ono of threo. ways:— 

(t) By boring a hole ns shfiwn at (o) (tig. 209), the waste piece may easily 
be knockeii out. « 

(2) By mortising aa indicated at (ft) in tig*. 200. This method, though 
ofb'ii adopted, entails loss of time and waste of energy. 
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(3) Where large slots have to be made, the sides are tirst cut with a 
tenon saw. A bow saw is then run into the cuts, and turned to cut across 
the ftrain at a 6 (fig. 209), thus liberating the waste. Caro must be taken to 
^void running the saw into the sides of the slot. Having sawn out the waste, 
the fitting surfaces are finished by paring Irnck to the lino will) a thin 
sharp chisel 

(6) Through Mortising. (Exnmples. —Mortise-aiKl-tenon joint, towel 



rif. 


roller.)—The method of ^tting the mortise gauge and gauging is dealt with 
elsewhere. 

When the mortise has to pass entirely through the material, care must bo 
taken to start from the back edge. This is very important where allowance 
has to be made for wedges. Assume abed (fig. 210) to represent the mortise. 
Tlie chisel is held in a vertifcal position, with the cutting edge a short distance 
forward from the end of the mortise, as at ef, when a firm steady blow is 
delivered on the handle, driving the chisel into the material, and thus forming 
a shallow wedge-shaped opening. The chisel is now moved slijAtly fonvard, 
and, being held vertically, is again driven into the material. The actiop of 
the chisef should now be carefully sti'died. This is shown diagrammatically 
in fig. 211. 'Tlietchisel is wedge-shaped, and when the blow is delivered upon 
the handle its force is resolved into arrgular components acting at righttngles 
to the planes of the wedge. (Shown in the figure by t^o small arrows.) These 
forces seek release in the line of least resistance, which is clearly in the dirrotion ^ 
(ceio) 
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of the arrow marked a, the effect being to overtx)me the cohesion existing 
betiveen the fibres, thus forcing the small piece of waste into the opening 
fii-st formed, when it can easily be removed by using the cltisol as a lever, as 
ii) fig. 212. Edge a acts as a fulcnim, about which the chisel turns. This 
process is repeated, and at each stage the face of the chisel is brought slightly 
nearer the end o 6 of the mortise. When the mortising has been carried near 
to the end cd (fig. 210), the chisel must be turned round so that the face of 
the blade is presented to line c d and a vertical cut 
made. The finished edges of the mortises must 
on no account be uspd as fulcrums, otherwise the 
material will become bruised, and bad fitting will 
result 

Having driven the mortise slightly more than 
halfway through the material from the back edge, 
the material must next bo turned over and the 
process repeated, the 
cuts meeting in the 
centre of the material. 

Care should be taken to 
see that the work does 
not rest on any of the 
loose core. 

It is essential that 
•the chisel l>e not in¬ 
clined to either side. 

The axis of the chisel 
must be in a plane 
paiallel to the face of 
the work, as in fig. 213. 




Fig. iU 


Fig. m 


The method of holding the chisel and delivering the blow is shown in fig. 210. 

(c) Stopped Mortising. (Example .—Mirror frame.)—It is necessary that 
mortises be-stopped as in this example, where to have the tenon showing, 
would i^vc^an unsightly appearance to the work. * 

The process is similar to that already dcscriljcd. Care inuSt lx; taken hi 
avoid driving the^chisel too far into the mati'rial. The de|ith to which the 
chisel is to enter the material may be iitdicated by gluing a strip of pape^ on 
either side of the chisel, as sho^n in fig. 214. • 

Scribing. (Example .—Corners of frame for towel roller.)—This Is but a 

i 
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repetition of the procees dencribod under “Vertical Paring" on page 207, • 
the scribing gouge being used in place of the firmer chisel. Hero, too. .the 
tendency of the material to split must be carefully studied and taken ad¬ 
vantage of. ^ 

Pakino Laikie Flat SukVaces. (Exanqjle .—Under surface of simple 
inkstand.)—This exercise requires considerable skill, and the success of the 
operation depeixls upon the full realization of the po8.sibilitios of the chisel 
as a “copying tool”. It has already been pointed out that the “face” of the 
chisel blade is a (dane surface, which surface can be used as a guiding agent 

for the produc¬ 
tion of other 
plane surfaces in 
the substance of 
the wood. Hav¬ 
ing marked out 
the waste in the 
usual manner, 
make several 
saw kerfs from 
] to 1 in. apart. 
The kerfs should 
be carried to 
within about V'r 
in. of the gauge 
mark. The waste 
may then be re¬ 
moved, as if treating a series of grooves. To finish the surface, first ascer¬ 
tain in which direction the fibres run, and so arrange the exercise in the 
vice that this direction runs from left to rigfit. Commencing at the left 
end, a portion should first be chiselled flat, from gauge mark to gauge mark. 
This should be carefully tested by means of the try square. This true 
portion serves ns a "rest” for the chisel whilst the flat surface is being 
eltended. The chisel should not l)e,U8c<l ns in the case of oi'diqjiry grooves, 
but is worked with a scythe-like motion, with ns much of the f{ice as'possible 
working on the flat surface first produced, whilst only the\ight corner of the 
hlafle IS used for extending the cut, the motion being indica|ed by the aeries 
of arrowheads in fig.* 21.'5. The shavings shSuld be exceedingly thin, and it 
is advisable not to attempt finishing the surface in one cut It will be seen 

! 
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•that the action partakcH of the nature of a shearing; cut, working in the 
dir^tion of the tibrea. 

Fluting. (Buxunplet. — Simple inkstaiid, larger inkataml, nx^icine 
cqj^inet.)—The tinner gouge ia uaed for thia purpoae,. and the bevelled aide 
ia turned to the work. The fihaving muat la* thin, as, owing to the curved 
shape of the blade, when force is applied to the handle it is resolved into 
components acting normal to the curve of the blade, the effect being that 
considerable compression is aet up in the material composing the shaving, 
thus retarding the forward motion of the gouge. 

Rebating with the Chi.sel. {ExampU .—Oxford picture frame.)—When 
the>rcbate is not extended for the full length of the material it is impossible 
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to use the rebate plane in the ordinary way. Eecourse has theiefoie to be 
had to the ohisel in order to remove the waste. See fig. 184. , 

Having gauged the velmte, the chi^d is held in the left hand with the 
bevel side dojvnwards. The exercise affords a useful example* of the assis* 
tance gained by a Correct use of the “ inclined plane ’’ principle underlying the 
construction of ^he chisel. * ^ 

If the chisel be held as shoCm in fig. 21 fi it will be»seen that the surface 
of the sharpening bevel stands practically at right angles to the fibres of the 
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H'ooil, aud before the chisel can enter it must compress the fibres in the 
direction indicated by the arrows, such coinpi'ession entailinj; the expendifpre 
of a considerable amount of energy which is not utilized to best advantage. 

Compare this action with that shown in fig. 217, where it will be se^i 
that the face of the chisel is inclined to the line of the fibres, the action of 

the face of the chisel, together with the re¬ 
action of the wood under the chisel, tending 
to lift the waste material at each stroke as 
indicated by the arrows. In this method 
there is little compression, and the energy is 
used to best advantage. Having niada a 
series of cuts with the chisel, the waste is 
easily removed, and the surface may then be 
finished by paring in the ordinary way. 

Rolunq Cuts. (Airttmpfe.— Brackets for 
shelf on mirror frame.)—The curves are of 
such a character that it is impossible to finish 
them with the spokeshave. It is therefore 
necessary to use the chisel for the purpose. 
The method of doing so is indicated in fig. 
218. The chisel is held with the bevelled 
side towards the work, and is carefully controlled and made to follow the 
direction of the curve by means of the wrist 

When the chisel is reversed in this manner the.difiiculty of manipulating 
it is much increased, as the surface of support is only equal to the area of the 
sharpening beveb 
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CHAPTER VH' 

Boring Tools 

• BPftdawlis. —CoKSTErcmoN. —Braijawls consist of two main parts; (a) The 
blade, (6) the-handle. • , 

The blade is made from steel wire of the recognized standard gauges. The 
cutting end is drawn down to a wedge-.shaped end, whilst at the top end a 
“shoulder ” and tang are formed. The luuidKs are made of boxwood, ash, or 
beech; the shape adopted affording a convenient grip when in use. 
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The blades are very apt to work loose in the handlea This is overcome 
by means of a rivet which passes through the ferrule, handle, and tang; but 
of course such a rivet is somewhat inconvenient when it becomes necessary to 
fenew the blade. Other methods of fixing the blade to the handles take the 
form of specially constructed 
ferrules. 

Cutting Action.— The 
bi-adawl is one of the most 
primitive boring tools. The 
cutting edge severs the 
fibres, and by means of the 
turning motion imparted by 
the hand the fibres are com¬ 
pressed, but not removed. 

Whilst this operation pre¬ 
sents little difficulty in the 
case of soft woods, it will 
readily be seen that there 
will be a great tendency to 
splitting when this action is 
applied to dense hard woods; 
and particularly is this the 
case when boring holes near 
the end of a piece of wood. 

When starting a hole 
the cutting edge should be 
placet] across the fibres, in order to cut them transversely. If arranged in 
the other direction, the wedge action of the blade acts at right angles to 
the fibres, causing the material to split (see fig. 219). 
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BLACKBOARD NOTES 
BRADAWLS 

BeflaitiMl. —Instriunenta used for boring small holes—Primitive form or boriiiiaiOQL 

Parts— , • 

ITowl/r.—Box, beech, or ash,*shaped to fit hand. 
f’en-vlt. —Brass—Prevents handle splitting. 
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Bldtie.- C'a»t BteeP-Forged to shape. 

(«) Cutting edge.—Wedge-shaped form. 

(b) Shoulder.' Kulargeiiient of lilade; prevents blade driving too &r tnto 
handle. 

(r) Tnng. -Tni>ering prong for fixing blade to handle. 
h'mi .—Prevents blade working loose. 

Method of Ueing.— Cutting edge aiTanged across fibres at starting. 


Gimlets.—This form of boring tool has undergone many changes during 
the process of evolution. It took its rise from the bradawl, the first 
change being the subatitution of a pod-shaped blade in place of the solkl 
cylinder. The aides of the pod performed a certain amount of cutting, thus 
reducing the compressile forces set up in the material when large holes were 
being bored. The use of such instruments demanded the exercise of much 
muscular energy, and the instrument had constantly to be removed in or<ler 
to discharge the "core". Later, the screw point was introduced. This 
served to reduce the amount of muscular energy required to drive the 
instruifient forward, but did not overcome the necessity for its removal to 
discharge the core. Tliis difficulty was overcome by the introduction of the 
" spiral twist”, which acts as an inclined plane, causing the core to rise and 
discharge at the surface as the instrument is rotated. 

The form of handle adopted is invariably the “tee” shape. This affords 
a considerable amount of leverage (see Chapter XI). 

The auger is merely an enlarged form of gimlat used for boring large 
and deep holes. The handle is much longer, and the necessary force is 
applied by using both hands. 

Construction. —Gimlets consist of two main parts: («) the blade; (li) the 
handle. 

The blatie is forged and ground hr the requfred shape; the screw point 
being cut in a lathe. The top end of the blade is made in the form of a 
pyramid of quick taper which passes through the handle, ami is riveted 
over a small, brass or copper washer. 

The handle is simple in design. I( is cylindrical in form, wi^i hollows 
b> accommodate the thumb and finger, and is usually made of,boxw6od or 
some hard, tough wood to resist the tendency to split wllen in use. The 
washer prevents the handle from splitting w’hen the end of the blade is 
riveted, and also keeps, the blade from workin]| loose, as would happen were 
the riveted end of the blade to act directly on a wooden surface. 
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BLACKBOARD NOTES 
OIMLKTS 

* Beflnition. —Instruments used for boring holes in wood, ranging from | in to } in 
Kindi.— 

A. Shell. 

c" forma—act ns an inclined plane—removes core 
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Pnrti.— 

Handle (boxwood), cylindrical in form. 

Blade (steel), forg^-•.ground and turned to shape. 

(a) .Screw at end draws the instrument into the wood—reduces muscular 
effort required. 

(h) Shell cuts away core—removes waste. 

(f) Tang—form of pyramid—fixes handle to blade—end riveted. 

((/) Washer (brass or copper) distributes pressure of rivets. 

Brace and Bits.—The cutting action of brndawla and gimlets is not 
continuous. In the case of the gimlet the position of the hand has to be 
changed ah each half-turn. The brace overcomes this difficulty and enables 
a continuous rotary motion to be jmparted to the various cutters, dhlled 
" bits", ^e brace has undergone many changes during* the process of 
evolution. The’ underlying principle in its construction is the application 
of the “crank", or bent arm. The ^jrank enables continuous motioi? to be 
imparted, and affords greatef leverage when in use.. Space will not pennit 
a detailed account of the evolution, but this has been mainly along the tines 
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of iv<tiu-iii^ the friction in the working {wrtA, and improvements in the 
nietlxxl of clasping the hits; the Knal pro(lnct being the American pattern 

ratchet biuce, with 
polished or nickel-, 
plated steel bars, 
having spring jaws 
and fitted with 
anti-friction "ball¬ 
bearing” collar. 

Construction. 
—The brace coik- 
sists of three main 
parts; (1) the head; 
(2) the crank; (3) 
the chuck—as will 
be seen by ivfer- 
ence to dg. 221. 

(1) The head 
(A) is fonned of 
hard wood, and is 
shaped to fit the 
hand. It is attached 
to a steel sleeve (B) 
which is flanged 
and serewe<l to the 
wooden head. It 
fits over the end of 
the crank rod and 
has its bearing on 
hardened steel balls, 
which in turn work 
on a hardened-steel 
collar (C fnd D) at¬ 
tached to the crank 
roH and forming an 
abutfnent for the 

head. This will readily'be understood by refereflce to fig. 221. The hardened, 

' steel washbr (C) prevents wear, and the steel balls reduce the amount of friction 
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(2) The Crank .—This consists of a rectangular bend in the rod (E), varying 
,in amount from 4 to 5 in. The instrument would be inconvenient to work 
were these dimensions exceeded, as it would strike the chest at every lotation. 
The diameter of the circle traversed during one rotation is known as the 
“ sweep”, which varies from 8 to 10 in. The size of the brace is known by 
its sweep. The crank is titte<l with a hard-wood handle (sleeve) (U), having 
brass or steel bushes and working between collars (F) which are forged on 
the crank, thus preventing the handle (sleeve) sliding up and down the 
crank. The sleeve is shaped to afford a good grip. Some braces have no 
handle, in which case all the friction due to rata- 

•tion of the brace falls on the hand. 

(3) TAe Chuck .—It is here that the greatest 
improvements have been effected. The early forms 
were provided with a rectangular tapering hole 
into which the end of the bit was fitted, being 
kept in position by means of a spring or thumb¬ 
screw. 'I’he modern chuck is a great improve¬ 
ment upon this, as it enables bits of varying sizes 
and shapes to be fii-mly gripped. The end of the 
crank rod is enlarged to almut 1 in. in diameter, 
and is threaded for the greater part of its length; 
it is also slotted for the purpose of i-eceiving the 
“jaws" (H), (enlarged details, fig. 222). 

A socket is fitted to the screwed portion Just 
described, the front portion projecting beyond the 
crank rod, and having the inside shaped in the 

form of an enlarged hollow cone (fig. 223). The hollow cone corresponds in 
its taper to the sloping sides of the “jaws”, which fit loosely into the socket 
form^ in the crank rod. Hence, as the socket is screwed on, its inner surface 
closes the jaws, which in turn grip the bit. 

The jawH consist of two pieces of hardened steel loosely riveted at the 
bottom and made to open by means of a steel wire spring. .The top outer 
surface^ taper to the s^ion of a (xgie corresponding to the inner side%f the 
socket. The inner faces of the jaws are recessed, the rec^ being small at 
the top and latge below for the purpose of fitting over the enlarged ends 6f 
the bits, tht^s preventing the bits f&lling out when in use. The dehtils are 
shown in fig. 224. * • 

The ratoket is a contriv^nee for enabling the chuck to be driven in one* 
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direcliun only. Small levers or pawls are placed on each side of the chuck 
which, hy means of a rc\’ulving collar, are made to enjjage with racking, 

fonned on top part of the chuck (fig. 22.5). 
The pawls may be so arranged that when 

the brace is drivisn _ 

clockwise it carries the 
chuck with it, but when 
driven anti - clockwise 
the chuck remains sta¬ 
tionary. By altering 
the rotating collar and 
reversing the pawl en¬ 
gaged, a reverse action 
may be obtained, or by 
allowing botli pawls to 
engage, the chuck may 
be turned in either direction. This arrangement is very convenient for 
enabling holes to be bore<l in confined spaces which do not permit of the 
free sweep of the brace. 

Method of Hoddino. —This will readily be understood by reference to 
the accompanying figure (220). 



Kig. at 



Klg 420 


BLACKBOARD NOTES 


THE BRACE 

Oeflaition.—A crank-8hape<l inotniment for holding Imring tools and alf'oriling 
lerumge during the proceoi of Imring. 

Part*.-- ^ 

Utttil ,—Hand rest of hanl wood, flanged steel sleeve screwed to head, fitting 
over Clank rod. 

Ball iiearings resting on hardened-steel collar. 

Craitk .—Crank rod bent to rectangular form 4 to 5 in. long. Sweep, 8 to 10 in. 
* Affords leverwe. 

• Provided ivhh hard-wood handle (sleeve). 

Handle works between collar—ball-jointed. 

. Handle reduces friction on hand. 

Chu{k. —(n) Enlargement of crank rod—sjotted—screwed, 

(b) Soriti. Screwed to fit crank resj. Inside of top—enlarged 
hollow cone, fits over jaws. 

■ • (c) Jiiws—two pieces—fit into slot — loosely riveteil at base—opened 
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by steel wire spring—closed by inner surface of socket—Inside faces 
recessed to fit over end of bit. 

Ratchet .—Contrivance for governing motion of chuck. 


CHAPTER VIII 
Hammers anci Mallets 


Definition. — Hammers and mallets are instrumenU uatal chiefly for 
rflelivering blows, the force of the blow acting as a propelling agent on other 

tools or bodies. 
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Varieties. —Many different varieties of hammers are in common use, 
each having its partiuilar shape and serving its own special use. 

The chief patterns 
are; The joiners'hammer 
or “Warrington” pattern 
(fig. 227); the “Exeter "or 
London pattern (fig. 228); 
the " Canterbury ” claw' 
hammer (fig. 229); the 
adze-eye or “ American ” 
claw (fjg. 230). 

There is very little 
variety in the form of 
mallet'aiiopteil for use 
* by woodworkers. , 

Parts. — Hammers 
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and iiialleta aro divided into two main parts: (a) the head; (6) the shaft 
or handle. 

The Head.—H ammer heads aro made of cast steel, and are forged to the 
rfi|uirod size and sliape. The shape depends upon the particular type of 
hammer being formed and the “balance desired”. 

The head is divided into three main parts, as shown in tig. 227: (A) the 
fivce; (B) the pane; (C) the eye. 

The Face.— This is the most important part of the head. It is eyiindrical 
in form, having the striking surface slightly convex, and its diameter varies 
in keeping with the weight of the head. 

The Pane.— The back end of the head is known as the “pane", and varies, 
in shape according to the particular pattern of hammer. For woodworking 
purposes they are usually flat, as in the “Warrington” and “Exeter” patterns, 
or curved, as in the claw hammer. 

(x) The crom pane is wedge-shaped, having its edges at right angles to 
the axis of the handle. The edge is rounded. It is used for driving nails 
situated in confined places. 

(b) The Claw .—In this case the pane is in the form of a curved wedge 
having a triangular split in the middle. The thin end of the wedge enables 
it to be inserted under the head of any nail that has to be extracted, the head 
Ix-ing gripped in the triangular split. The opening in the claw is also tri¬ 
angular in section, thus pi'eventing any tendency of the nail to slip. 

The Eve.— This is the name given to the hole through the head into 
which the handle or shaft is fitted. 

The eye is elliptical in shape, and is smaller towards the middle than at 
the outsides. Care has to be taken during the process of forging the head 
Ui ensure that the hole is centrally placed in keeping with the axis of the 
head and handle, otherwise the hammer will not “hang” true. 

There is no eye in the head of the Canterbufy pattern. The head is 
forged with two flanges which extend along the sides of the handle. The 
handle is fixed to the head by means of rivets which pass through flanges 
aiK^ handle. It will readily be seen that such an arrangement is not suited 
for rea'sting tlio'enddcn shacks due to heavy blows, or for resisting the strain 
duo to leverage eaerted when extracting nails 
, Sizes range from 0 to 10. * 

THEifliANDLE OR SHAFT.— This must hra made of wood which is flexible in 
character. Ash knd hickqry are most suitable for Che purpose. Tfie flexibility 
pf the handle plays a very important part in the effective force of the blow, 
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serving as it does to lengthen or diminish the time of impact. The handle 
is, elliptical in section, thus affording a good grip when in use, also serving 
to keep the axis of the head in line with the direction of the lino of forec 
of the blow. The end which passes through the eye is conical in shajM:, 
and is firmly fixed to the head by means of an iron or wooden wedge driven 
into a saw cut which is made in the end of the handle before the handle is 
driven into the eye. The end of the handle which is held in the hand is 
made of suitable section to afford a comfortable grip; the upper portion near 
the head is usually reduced in .section in order to increase the amount of 
flexibility. The length varies in keeping with the weight of the head. 

, Handles should be made of wood that has been thoroughly seasoned, 
otherwise, when in use they are apt to work loose in the eye. 

Process or Manufacture;. —The heads are forged to the desired sha|)n 
from cast steel, and the faces have to be very carefully hardened and 
leinpere<l to withstand heavy blows. It is essential that all parts of the 
face be uniformly teinpei-ed. The central portion surrounding the eye must 
be annealed in oixler to prevent fracture. 

Method of Usino Hammers,—T he effective forec of blows delivered 
depends upon the amount of leverage exerted, together with the momentum 
of the hea<l. 

For light blows the weight of the head falling through a small distance 
and actuato<I from the wrist is sufficient. 

Heavier blows are obtained by e.xerting leverage from the ellK)W or 
■shoulder and causing tl^e hammer to fall through a gi-eator arc. 

The handle should Iw easily hut firmly gripped in the right hand, as 
near as is convenient to the end farthest from the head, as in fig. 231. 

Whenever possible the work should be so arranged that the blows from 
the hammer fall vertically, as in this manner the force of gravity materially 
aids the operator and the process of hammering is less tiring. 

At the time of impact the axis of the hammer head should be normal 
to the surface struck. 

The hammer should not Ixj used for delivering blows on wooden sur¬ 
faces, Owing to the great density of the steel, and the sma3[ area of* the 
face, the force of the blow is concentrated uijon a small area, and the sudden¬ 
ness of the shook, due to the unyielding character of the dense ste«'l, pro-, 
duces unsightly bruises in the surface of the work, and may even rtipture 
the fibres. • ^ 

ExperimenL—JMiyer a few heavy blows upon the surface of a piece of 
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wood, |>ro<lacin){ the bruieeii descril^. Plane the Hurfaco until it is agjlin 
Hat. Wet the Hurface and note reaults. 

Thia ex|K-ritnent ia to make clear to a clawi the detrimental etlccta of using 
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the hammer upon the surface of their work, particularly where such work 
is 8ubsei|uently to be painted, stained, and varnished or polished. 

Mallets. —These are simply forms of wo<slen hammers. They are usually 
made of beech, hickory, or lignum vilw. 

The heail is usually rwtangular in section. 
The top curve forms an arc of a cirole the 
centre of which is at, or about, the position 
of the elbow. The faces fonii “ radii ” of 
the circle. 

The eye is rcchingular in .section. The 
two einls of the ^e taper towards the inside 
of the hea<l, whilst the sides must be parallel 
(Hg, 232). The handle is inserted from the 
^ top and maintained in position by the cen- 

c trifugal force of each blow. The reactions 

of the wedge-shaped liandiu act on planes at right angles to the* direction 
,r>f the Hhrcs. Were the handle to taper in both din^ctioiM it will readily 
1)6 sec* that the effect of the centrifugal force would cause the wedge-shaped 
handle to split the heqtl. The size is indicatCvl by the length of the head, 
r and rangss usually from 4 to 7 in., increasing by half-inches. 
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Owing to the large area of the face, Hie force of the blow is distributed 
over a considerable area. The material of Which the head is composed, not 
bemg so hard and unyielding as steel, does less damage to the surface of 
the work when a blow is delivered, i.c. the time of impact is greater. 

* Mallets are used chiefly for driving chisels, as in mortising, and for knock¬ 
ing wooden frames together. 


BLACKBOARD NOTES 


HAMMERS 


Os^nition. — Instruments chiefly used for 
driving naila 

Farts.— 

A. //«((/.- Cast Steel-Forged to shape— 

Various iMtterns. Sketch—Warring¬ 
ton, Exeter, Canterbury, American 
claw—Vary in weight—weight indi¬ 
cated by numbers. 

B. Fare .—Very hanlslightly curved -- 

less liable to damage surface than 
if flat. 

C. Paw. — Very hard — Wedge-shaped — 

Used for (a) straightening bent nails; 
(b) driving nails situated in angles, 
iVc.—Sometimes claw shaped for ex- 
* tracting nails. 

I). Ei/e .—Hole through heiul to accommo¬ 
date handle- larger at outsides than 
middle. 

No eye in the Canterbury pattern. 

E. /Fftlyr. — Spreads end of hamlle—pre¬ 

vents head working loose. 

F. Handle. — Wood—Ash of Hickory be¬ 

cause flexible. Elliptical in section— 
about 12 in. long—should l>e com¬ 
fortable to grip. 

End (a) tapers in onler to pass 
through eye in head; (4) shouhfjje 
hell? well towards the end. 

Axis of head showld he in line with axis of 
nail to be driven. 

Blows delivered — three degrees: From 
Wrist, light—Elbow, heavier—Shoul¬ 
der, heaviest. 

(esis) 
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HLAigSItiDARD' NOTES 

• >" MALLETS 

Seftnition. -Itiatrumento used for delivering blows 
on surfaces which would be damaged if a 
hammer were used. 

Parts.— 

A. J3«wf.—Wood—Tough beech or hickory—Kec- 
tangtilar in section—Vary in size—Liable to 
split if handle not perfectly fitted—Mortised 
to receive handle. 

U. face, — Rectangular — Blow distributed o^'er 
greater area than in case of hammer—Material 
softer, more yielding than steel of hammer— 
Time of impact greater—Faces taper towards 
elbow - face parallel to surface struck. 

U. Mortise, — Rectangular in section — Tapers 
towards elbow in length only—width parallel 
—Inside surfaces must be perfectly flat— 
handle fits truly. 

1). Handle, —Wood—Beech—less need for flexible 
material than in case of hammer, owing to 
yielding nature of its head—Tapers in width 
to fit wedge shaped mortise in head—About 
12 in. long—Prevents head flying oflT by 
centrifugal motion—Thickness inside the 
head is uniform to prevent the bead split¬ 
ting. 
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CHAPTER IX 
Miscellaneous Tools 

Cork Rubbers. —These are rectangular pieces of cork, usually about 
^ in. by 3 th. by 1 in. They are used in conjunction with glasapaper for 
finishing oflT tins surface of work. The paper is folded over the rubber and 
. the soft texture of the cork enables it to bc<J down upon 'the work. Being 
of cotk, no damage is done to the work should the edge of the rubber come 
in contact with the snpface. For small roundwl edges or nosings a flute may 
be formed along the edge of the cork. 
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Cramps. —All forma of cramps are c^qWdcsb for holding work lugetlior 
temporarily during the process of waking material or fixing the parts. 
There are many forms, but the underfying principle in all cases is tliat of 
tjic screw, i.e. the inclined plane. 

(a) SmaU Cramp or 0 These consist of a strong rib forged or 

oust to the form of three sides of a rectangle. One free end is arranged to 
present a seating for the work, whilst at the other there is a bush which is 
drilled and tapped to receive a screw. The screw is provided with a seating 
wliich impinges upon the opposite side of the work. 

This seating is not rigidly attached to the screw, 
but the end of the screw can work freely in the 
seating or pad. The form of screw varies accord¬ 
ing to the size of the cramp 
and nature of the work for 
which it is intended. For 
small cramps and light work 
the V thread is adopted and 
the power applied by means 
of a winged or butterfly thumb 
piece (fig. 236). For heavier 
work the screw has a “square 
thread ” and the power is ap¬ 
plied by means of a lever (fig. 

236).. The size of such cramps 
ranges from 3 to 12 in. 

(6) Bar Cramps.—The un- 
<lerlying principle of these is 
similar to that of the foregoing, but in this case, insteml of having a rigid 
frame, they are fprmed witli a rigid bar. which may he rectangular or of 
T section. The screw attachment for the application of the power is per¬ 
manently fixed to one end of the b<vr, and the screws have a s-iuare thread 
A loose or sKding jaw is provided which can be moved along .the ^r Md. 
held in portion by means of a steel pui or by means of a spring pawl wMcli 
engagoA with “racking” on the bar. The distance between’the jaws can 
thus be regulated'to suit the work in hand. Such cramj« are made in all 
sizes from IH ip. to 7 ft., i.e. length of bar. , ,. u 

When in use, the jaws are Ipt to damage the surface of the wort, which 
should be protected by means of wooden blocks. If the surface o^ the bar 
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• 

in "rack)!(i”, thiM alw) tenda to damage, the surface of the work, which should • 
1x! protected by means of thin slips qf.wood. 

Bench Holdfasts. —These are useful for holding work flat on the surface 
of the bench. , 

They consist of a stiff rod, at the tup of which an arm projects at right 
angles and carries a forked joint in which a curved arm works on a pivot. 
The curved arm “ lever ” is actuated by means of a screw, and the lower end 

impinges on the work. The 
pad at the base of the arm is 
roughened to enable it to grip 
the work, and care must there¬ 
fore be taken to protect the 
work by means of an inter¬ 
mediate piece of wood. The 
main rod passes through a hole 
in the surface of the bunch and 
is kept in |K>sition by the fric¬ 
tion between the material of 
the Is-nch and the rod. Fig. 
237 shows the tool in opera¬ 
tion. 

Files. — These are instru¬ 
ments used for abra<ling the 
surface of the material. They 
are made in a gi-cat variety of 
shajx>H, sizes, and degrees of 
cut, and are of very hard cast 
steel. 1'hc blanks are first 
forged to shajw, and before being hardened the “ teeth ” are formed by the 
agency of specially constructed file-cutter’s chisela llie degree of cut will 
deptmd upon the spacing of such chisel cuts and the depth to which the chisel 
;s driven, ,’jrho fimt series of cuts fonns edges; the second series of cuti^ 
arfAngeil diagonally to the first, causefi points to bo formed. Whpn the cut^ 
ling is complete the files arc hardened. , * 

Oilstones. —A very essential article in the manual-training mom is a 
“ goesl ” oilstone, (food work cannot* be produced unless tl)e cutting tools 
are kept in gooil order and .sharp. For the’sharpening of all “edge" tools 
an oilstone is essential. Many varieties of stone arc used for the purpose. 
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They should be of fine j^uin, uniform in texture, and free from hard veins 
and specks. That known as the ‘‘J41y White” Washita is j>erhap.s one of 
the most suitable for manual-training; purposes. Though it does not produce 
^he keenest of cutting edges, still it is a fairly fast-cutting stone ami produces 
a .satisfactory edge. The <juality of a stone can be approximately tested by 
rubbing the thumb nail on the .surface and noting the amomit of wear. Small 
((uantities of non-drying oil, such as sweet oil or neat's-foot oil, should lx* 
used during the proce.ss of shai'ixining. The oil prevents the twls Is'eoming 
heated during the process of rubbing, with (wnsequent loss of tempm* at the 
cutting edge; it further prevents the |x)res of the stone becoming clogged 
with the particles of steel removed from the tool. Care should be taken to 
prevent the surface of the stone becoming clogged with dirt, particularly 
particles of grit, and for this reason it is essential that the stones should be 
cased. A convenient size of stone is about 9 in. by If in. by IJ in. 

When sharpening chisels and plane irons it is not advisable to rub the 
“ face ” of the tool on the stone; and the fine "wire edge” formed during 
the process of sharpening shoid<l be removed by stropping the tool on n 
piece of “ buff leather ". 

Oilstone Slips. —These are merely thin pieces of oilstone specially shaped 
for sharpening such tools as cannot be sharpened on the flat surface of an 
oilstone, such as gouges, sixjkeshaves, centre bits, carving gouges, ami cutting 
irons of bead planes. 

Punches. —These are made from bars of cast steel of small section. They 
are usuaily.>about 4 in. Wng, having one end drawn down to small section— 
I'ither round or rectangular—to suit the particular group of nails for which 
they are intended. The end is roughened or ground to afford a good grip on 
the heads of the nails. 

When the surface of a piece of work which has been nailed together has 
to be "cleaned off” with a plane, it is essential that the heads of all nails be 
Iriven below the surface level. 

When the surface is subjected tp continual wear, as in the cose of a floor, 

Ae nails must be " punched ”—driven below the surface—otherwise the wood, 
jeing softer than the nails, would weat away and leave the heads expuse<I in 
ui untfightly, and dangerous manner. • 

Again, when the work has to be painted, punching the nails enables the • 
)ainter to “stop” the hole with putt/ or other form of stopping, and’thus, 
vhen the work is painted, it*present8 an even surfaoe. 

Buies.—These need no special description. Many and various kinds are i 
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on.the market Probably the most suitable for manual-trainin||^ purposes is ^ 
flie two-f<s}t, twofold, en^ne-divided steel rule, known as “Kabones No. IM^ ”• 
'I'his rule has the EuKlish divisions on*one side, whilst on the other will be 
found the inetrie scale. , 

'I'he disadvantages of wooden rules arc their thickness and tendency to 
break. 

Screwdrivers. —These are use<l for “driving” screws into, or out of, the 
work. They are made in various forms, but the principles of construction 
are the same in all. There are two principal parts; the handle and blade. 

The handle is shape*! to attbrd a comfortable giip and the ;'reatest po.ssil)l«‘ 
leveraj{o. Hence the top part is elliptical in section, whilst the lower j)«irt, 
near the feiTule, is circular. The ferrules are much thicker than those used 

for chisels. This is essential, because they 
are subjected to circumferential compression 
on the abutments of the slots into which the 
blade of the screwdriver is Ktted. 

By means of the locking arrangement the 
rotary force exerted on the handle is trans¬ 
mitted to the blade and then to the screw 
without the blade working loose or remain¬ 
ing stationary whilst the handle is turned, as 
would happen if the blade were connected to the handle in the manner 
ailopted for cbisela 

Two patterns are in common use (fig. 238): (a) The London patten*^* 
(6) cabinet pattern. 

The Ijondon pattern has a flat blade, which cannot be conveniently helif 
in the manner just described. 

The cabinet pattern is spindle-shaped in the centre of the blade. This 
enables it to bo guided by the hand and turned without inconvenience to 
the guiding hand. 

Screwdrivers are made in various sizep and lengths, from 3 to 12 in. being 
fsommon. Cpnvenient sixes for manual training are 7 and 4 iiL The size is 
rcj^eseuted by the length of the blade. 
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CHAPTER X 

Notes of a Lesson on the Grindstone and Grinding 

lotrodaotiOD.—You have all seen a plane iron or a rhiael slinrpcne<l. Notiee 
the difference )>etn'een these two chisels, one of u’hich is “ thin ” and the other 
“thick’’, and obviously in need of grinding. [I’oint to sharMiiing Itevel of each.] 
How is it that one is so much broader than other? Mnich will occni)y most 
time to sharpen? Which will reqiiii'e most effort to sharpen? Which do yon sup¬ 
pose will cut laist and cleanest, even when thoroughly sharp? [Hive a denionstiatiun 
of the cutting power of each.] What must bo done to the thick chisel in onler to 
make it cut e<)ually well with the thin chisel? 

Cutting Action of Orindstono and Oilstone Compared.— [Point to “grinding 
l)evel’’ on each chisel. Call attention to its rough surface compared with smooth 
surface, as left from the oilstone.] Do you suppose this rough surface was produced 
on the oilstone? Suppose we wish to make this chisel thin, will it do to rub it on the 
oilstone thus? [Rub the grinding bevel on the oilstone.] What objection do you 
see to this method? “Slowness of cutting action of the oilstone, and consequent 
time occupied.” Can any hoy suggest a method by which this chisel can lie made 
thin much more quickly than by rubbing it on the oilstone? “By grinding.” 

Composition and Shape of Orindstono. —[Call class round the grindstone.] 
What material is this? Point to the stone. [Allow class to test the surface with 
their linger nails.] What is the nature of this stone? What is this substance? 
[Exhibit “sand ” from the stone.] What kind of stone is this? “.Sandstone.” What 
IS the shape of those surfaces—|H>inting to circular sides? What is the shajie of the 
solid? “Cylindrical.” 

[ The Axle and Crank.~You have all scon the wheels on a cart. What is the 
bar of iron fthich joins thoSvhoels called ? What would you call this piece of metal 
*on which the stone revolves? “Axle.” How is the stone turned? “ By the handle.” 
'You have called this the handle. Have you seen anything like it on a bicycle? 
What part of the bicycle do you call it? “Crank.” What might this particular 
form of handle be callm ? [Ask elms for other examples of the use of cranks. Refer 
to crank on brace, Ac.] . 

Lererage of Crank.— Could you turn this stone if there was only the straight 
axle? What is the object of this crank formation ? Suppose it was found very difh- 
cult to turn the stone with a very short crank, what could bo done in order to make 
it easy to tu|;n the stone? [Explain mtaning of short and long crank, i.e. crank arm. 
“More leverage.” Refer to handle in liench screw.] What do you db if the agrew 
is at all tigkt'l Why do you pull the handle farther through ? [Explain; “Leverage”.] 
What h opined in the case of this grindstone bv means of this craiik? 

ftrake Action ?of Tools Ground. —We wili endeavour to discover why it is' 
necessary to have so much leverage for tuieiing the grindstone. At what parttof the 
stone does the actual grinding t^e place? [Fix toe chisel in grinding attachment 
“ if any ”, and press it on the stone whilst one of the scholars turns the stone.] How 
does the driver of a cart stop the cart when he wishes to? What is this “thing” ' 
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which is pressed on the wheel called) [Refer to brake on n bicycle.] How is it that t 
it is easy to stop the wheel revolving by pressing on the rimf “Great leverage.” f 
What is the chisel acting as whilst it is lieing pressed on the revolving stone) [(rive 
illustration of ease with which it is possible to prevent the scholar from turning the ' 
stone by simply pressing down the “levers” of the grinding attachment.] Wny ia 
it neces-saiy to obtain so much leveriwe by means of the crank in order to turn the 
stone) “ Owing to great resistance onered to rotation of stone by chisel being pressed 
upon the surface.” 

Heoeiaity for tfsing Water.—(«) Fridiuu ami Unit. —If you rub your hands to¬ 
gether very quickly, umat do you feel) What happens if any two substances are 
rubhcfl together quickly) What do you suppose will happen if the stone is revolved 
very (Uiicldy and the chisel held in contact with it? [Explain that if a piece of steel 
is mode hot, and allowed to cool slowly, it becomes soft.] What will happen to the 
chisel if it is made hut in the manner indicated, and allowed to cool slowly ? Wilf it 
remain sharp for any length of time once it has become soft) How can this heating 
of the chisel be avoided) What is the object of allowing water to drip on the 
stone) 

(i) CtuMng of Porei .—[Rub the chisel on the surface of the grindstone before 
wetting the stone Ask scholars what they observe concerning the place where the 
chisel was rubbed. Elicit: “Black and shiny”.] What has made the surface black? 

“ Particles of steel.” [Allow boys to feel the blackened surface.] What do you 
notice about this surface? “Smooth.” Will the stone continue to grind “abrade” 
[Explain term “abrade”]—if the surface is allowed to become smooth) How can 
this be prevented) What two reasons have we for keeping the stone wet whilst 
grinding) 

Conlitioii of the Surface of Qriitdstone. -[Call attention to necessity fur keep¬ 
ing the surface of the stone straight from side to side. Allow scholars to see the 
chisel being moved from side to side of the stone as the grinding is in proccsal 
What is the object of this? Can you now explain why this frame in whjch the chisel 
is fixed is so loose in the foiiits) * 

Grinding Anglea—[Call attention to the angle which the grinding bevel makes 
with the face of the chisel—“about 26°also to angle between sharpening bevel ami 
face—“about 35°”. Educe reason for this difference.] What objection do you see 
to grinding the chisel as thin as a razor) Would it be strong enough for cutting 
wood) Would the chisels which are used for cutting wood be strong enough for 
cutting metal) Why are these particular angles adoptM? [Explain that experience 
has led to the adoption of these particular angles, it having Men found that they are 
most suitable for working in wood. The angle varies in cutting instruments acconling 
to the nature of the material to he cut. Exhibit various samples of cutting tools it ' 
])OMfole.] '• 

^he plumber blocks, troiign, loot-dnrtng attaenment, u any, could fce nyide the 
subject oj siibs^nent lessons.] < 
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Necessary to mnd chisels and plane irons after 
*tbey have l)een ^arpened several times. 

Orindttone. —Composed of particles of sand naturally 
cemented together == Sandstone. 

Surface rough—abrades steel more (juickly 
than the “ finer grit ’ of oilstone. 

Handle. —A form of enmk—Gives greater Icvcmgo. 

Water. —(«) Keeps chisel cool prevents chisel t) 0 - 
, coming soft—praserves cutting power. 

(4) Keeps stone clean — washes away fine 
particles of steel. 

Angles for Orinding.— About 2.')'. 

Varies in other cutting tools, acconling to 
material to tie cut. 
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CHAPTUR Xf 

Blackboard Notes on Various Tools 

. UINCERS 

■ Oetnition. —Instruments usied chiefly for e.xtnicting iiails 
which have become bent in driving, nn<l for obtaining 
A firm grip on small articles. 

CoBltmOtion. —Composo<l of two arms, “ levers ", A, B, work¬ 
ing on a rivet, “Fulcrum”, sufficiently loose to iwlmit of 
movement 

Parte. — A,B. Arms or “Levers".—Steel-Forged to shape— 
jt ■ Jlnished by filing and griiSling. 

C. Hivel, “Fulcrum’’.—Connect arms. 

D Jaws. —Hardenorl steel—Fairly sharp--Grip nails. 

K. Spacr. —Accommoriate head of nails, Ac. 

If. tVoie.A-Wedge-shaped and forked—for levering 
hoards, lifting tacks, Ac. 

(.See Part I, Chapter XI, forlnechanical princiiilos involved 
in construction and when using same.) 
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Fig. 240 shows the various parts; fig. 241, motho<I of using. 


SPECIAL Brrs 

Exputlon Bit. —Combination of auger bit and centre bit—Can lie 
set to bore hme of given diameter—Usually 
supplied with two cutters —.Size of hole, j 

■ to 5 in.—Useful for sinking inkwells, Ac. 

(Fig. 242.) 

Bortfatar Anger Bit (Catalogue description).— 

This laboiir saving auger bit, unlike other 

bits, is guided by its periphery instead of its 

centre, consequently it will liore any arc of 

a circle, and can be guided in any direction 

regardless of grain or knots, leaving a tnie 

polished surface: therefore it is preferable 

to and more expoilitious than chisel, gouge, 

scroll saw, or lathe tool combined for core B^^^H 

boxes, fine and delicate patterns, veneers, 

Bcreenwork, scalloping, fancy scroll, twist 
f). sit ‘ columns, newels, ribbon moulding, mortising. < n. : 4 s 
Ac. (Fig. 243.) 
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SPECIAL FORMS OF BRACE BITS* 
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COUNTERSINKS 

lUplain the tern “ countersink Call attention to necessity for same,! 
to enable heads of screws to bed into wood, iron or brass. 


w 

ler 


A. Wood Coostersink or 

SmtiUum Bit(for Wood). 
—Form of cone—Fluted 
— One simple cutting 
edge presented to the 
• wood. 

B. Flat Coimtersiiik (for 

Iron).—Scraping action 
—Two edges presented 
to metal. Note “angle 
of clearance". 

C. Sose-hetded Cotmtersiiik 

(for Brass).—Conical in 
fonn — Many cutters — 
Scraping action — Cutting 


y 


f 
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/ 
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uniformly distributed. (Fig. 244.) 
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TC UNSCREW 

• f 

D. Simple.—In form of ordinary screwdriver—Used 

with brace- -continuous rotary motion—Greater 
leverage. 

E, Forked Bit—Slot in centre—Useil for tighten¬ 

ing nuts on saw bolts. ^(Fig. 245.) 
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„ SIMPLE FORMS OF BRACE BITS 

A. Spoon Bit—For ordinary boring. 

B. Shell Bit —For ordinary boring. 

C. Nose Bit-xDowelling and end-grain Imring. 

I). Swiss Bit— Ordinary use—firaws and clears better than previous bits. «- ■ «. a,- . 

E. Anger Bit— Bores cleaner holes—AcU to greater depth—Rise ^hole muetCt 
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truer—Removes core owing to spiral twist—Screw point enables them to dmw 
with ea«^—Suitiiblo for larger holes—Sise, J to 1 in., sometimes laijj^er. (Kig. !i46.) 



Kitf. m 


Notk.—W hen giving a lesson on those, load the scholars to compare and contrast, 
and note the action of each as the lesson proceeds. 


C’KNTUK mi's 

Definition. —Instnimonts used in conjunction with the brace for Imring holes—Size 
varies, J to 2 in. by sixteenth.^. ^ 

Constrnotion. -Forginl to shaja? fiom chst .sled- Filed, ground, 
hardened, and tempered. (Straw colour == best.) 

Parti. - (Fig. 247.) — 

The Sfutnk. — Knlargomont near top to fit recess in jaws of 
brace. 

Jiiade .—Prawn out to suit size ofliit. 

Cfnhr An,—Triangular in section—Controls motion of bit— 
placed at centre of hole, 

Vfiiiml CVfrr.—Cuts fihris at circumference of hole. 

Itorhonhl Cuttn or Lip .—Removes core—Shavings in spiral 
form. ^ ^ 

iCethod of Sharpening.—Filcxl with smooth file,«firiisl?efl with oib 
stone slip. The vortical cutter should lie slightly curved, to 
enahle it to glide over the fibres. , 
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INTRODUCTION 


This section contains a sysUsiiatic couixe of exercisoN ilcstiiietl In jiioviHe 
ample practice in tool manipulation, and affonl opportunity for flic intro- 
<luction of the many lessons which liclp to make manual training a factor 
in education. 

* The method of sharpening tools and keeping them in order is veiy 
important, because, if satisfactory work is to be executed, it is essential that 
they be kept in good condition, and tlio sooner students learn to perform for 
(hemselves the various ojrerations involved, the better it is for teachei' and 
scholar. 

As far as possible the tool proce.ssea have tieen arranged in progressive 
sefpience. The examples in the preceding section are taken from the various 
exercises in the present section. 

The great difficulty which presented itself was that of selecting suitable 
exercises from the great variety which woodworking affords. It will be 
seen that in moat cases the exercises represent complete articles having 
some distinct value. Joint-making and exercises intioduced for the mere 


purpose of'imparting a knowledge of tool manipulation find no part in such 
, a course. Experience has shown that children delight in making some article 



they know to have a definite use, and which use readily appeals to 
It is this fact which the teacher should seize upon and use as a means 


of securing the greatest interest, zeal, and attention of his scholars. 

Many of the models are extremely simple in character. This, upon reflec¬ 
tion, is a merit rather than a demerit, for to be truly successful manual- 
training exercises must be such Uiat each scholar can complete ifny given 
oi|B without direct aid from the teacher. This can be accon^lished when 
tIiS'«arIy Afixcrcises are simple in character and lead gradually by simple steps 
to the more 'diffioixlt operations. 

ft is oiten urge<l that teachers shryild not be bound by any hard-and-fast 
Bourse of worlf, and with tliisjxll who have experience of the work will agree. 

■ JTet alt must have some course which shall form the backbone of tlje system. 



scores ’ 


240 PRAfflCAL WORK 

and aa cxporience is j^aiiiud sucll system will be «^arged upoii.pr mcxiil!ed 
to suit any sjxfcial re<iuiremeiits. ^ it 

'I'lio toai-her who stai ts ovit with no system, no niotliod, may'IW n time 
appeal- to succeed, but sooner or later will come to a stantlstill. There will 
Ik( no continuity of progress, and there is usually overlapping in the ai-juuge- 
nicnt of the work. 

It is also often urged that the scholars should carry out all sorts of ojx'i-a- 
(ions in the way of making anil reiaiiring articles of furniture and appliances 
for demonstrating cx|M!rinumts in the schoolroom, such work being regarded 
in the sense of “ coi-relation ”, Against such metho<lK a .strong protest should 
Ik) uttered. The work of the manual-training class should no more be inter¬ 
fered with than the arithmetic lessons or geography lessons in the classroom. 
The manual-training teacher must assume full control and allow no intrusion. 
'I'he making of simple apparatus can be considered only when the article 
desired can Ih' converted into an exercise for the class. There is usually 
either much that is too simple or much that is too difficult in such require¬ 
ments, with the result that the scholars are wasting time, or the teacher is 
wasting his time in carrying ovit those exercises which are Ix-yond the 
caiaieity of the wholar. The inti-fsluction of such work tends to disorganize 
the work of the class, and the gain in one direction does not comiwnsatc for 
the loss in other direction.s. This is no idle expreasion of opinion. It is a 
statement of fact Ixised on exjs'rience. 

This section has Iwen arranged in tin-ee groups, .representing presumably 
three yeai-s’ work, but this must not Ijo taken hsj liUu-ally. 

The amount of time allotteil to the work is a veiy inqiortant factor. Un¬ 
fortunately one heai-s on all sides that tln^ curriculum is overloaded, and 
ciaiseqitently the time given to this subjwt is reduced to an unsatisfactory 
minimum. Kor scholars to reap the greatest lx.’nefit fi-oin such a atibjcct it 
is e.ssential that the minimum time Ije three houi-s per week. 

When' s|)eaking of manual training it V’lust bo remembered that the term 
comprises more than one subject. Drawing plays a vci-y important part in 
llm eoui-se, and <lemands the (ixixmclihare of a considerable fraction of the 
time. Demonstrations given by the teacher have a more f(ir-re».ching effect 
'than ifi commonly attribuU-d to them. It is hei-e that the scholars have their 
}x)wer of olmervation developed. The .scholars^ have to observe their teacher 
at work, anil note his every action. It is the teacher’s acHmia that must be 
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* observed, ^ words ho utters during sucli demonstrations should bo of secon¬ 
dary coafllseration; in fact, a good demonstration should require but few or 
no words. * Such silent teaching takes considerable time, and it must be borne 
an mind that it is the teacher who is working, not the scholars, during such 
demonstrations. 

A further demand is made upon the time devoted to the subject for the 
purpose of object lessons upon tools and timber, all of which are important 
ns factors in the further development of the child's power of observation, and 
serving as a lesson on oral composition. All things considered, little time is 
loft which the scholars can actually devote to “production”. It is this fact 
Which tends, more than anything else, to lead the uninitiated to condemn 
manual training. There is a tendency to measure the value of the subject 
by the amount of 'produciion, not by the amount of training which the 
scholars have received. Superficial show is all that some people expect of 
manual training. The true teacher will not take this view, but, having a 
certain amount of time allotted to his subject, will seek to subdivide that 
time in such a manner that the scholars receive the greatest good for a 
minimum expenditure of time. He will conscientiously leave production to 
take care of itself. 

Having considered these points, it is clear that unless some unworthy 
sacrifice is to be made, no attempt should bo made to define the actual amount 
of production which must take place in any class. A good teacher will aim 
at accomplishing a certain task in a given time, and if he be a "good teacher” 
and knows his class, he will not go far wrong in framing his estimates. 

Scholars should therefore be allowed to work steadily through the exercises 
as arranged, except for those modifications which the teacher may deem 
necessary from time to tiraq. Particularly is this important for the first two 
groups. In the third group scholars might be allowed to make selections, 
subject to the approval of the teacher. 

It will .be seen tliat with every exercise a list of the tools and material 
required is given. This, and the method of dealing with sucK-is important. 

The whoiars must not be “told” wl»at tools and material will be required. 

They must bo trained to analyse each piece of work and discover the various 
processes involved, and thus determjpe the various tools required tc% carry 
out each operation. They mgst be trained to discover from their drawings 
the quantity of material required for each part of the work. Tins method 

(CH«) 17 * 
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(Kjcupiefrlrore time than the “iilsre telling”; but again the fact »honld*be 
cniphaafzed that the child ie to be trained to think and to reaeon, therefore 
it ia time well spent. ■ 

Thu demouHtratioiiN are euggeHtive only. Bach teacher must decide for 
himself what it is necessary to demonstrate, when such demonstrations are 
necessary, and how much he will demonstrate in any one lesson. This will 
largely depend upon the ability and mental capacity of the scholars. Tliere 
is usually a tendency with young inexperienced teachers to overload the early 
demonstrations, and to express surprise that the children liave not grasped ail 
the detaila How often one hears the expression, “ That is not how I showed 
you to do it ”. What is the cause of this ? Usually over-demonstration. • 

Remember that the acquirement and assimilation of knowledge is a slow 
process. Hake your demonstrations short; let them be definite; use ns few 
words as possible; repeat your demonstrations only where your actions have 
been misunderstood. 

Another common mistake is that of demonstrating operations which are 
familiar to the pupiK This should be avoided. It is frequently the case 
that teachers will demonstrate planing with almost every model. What 
waste of time! Demonstrate only those processes which are not understood. 

The method of treating the lessons on tools, timber, and miscellaneous 
material is fully discussed. 

In most cases a few simple problems have been includetl after each 
exercise. 

t < 

In conclusion, all teachers of manual training should sed themselves a very 
high standard. A high aim and conscientious work will carry conviction. 
Actions will speak louder than words. 
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EXERCISE I 

MARKING OUT, SAWING, AND CHISELLING 

EX6Peil6S Involved. —Marking out Sawing. Gauging and chiselling: 
(u) at right angles to the grain; (b) oblique to the grain. 

Instnietlons_ 

Drawing. —Prepare a plan and side elevation. 

Write out a list of the tools and material required. 

Note. —It cannot be assumed that the scholars know the names of any of 
the tools that will be required for this exercise. It will therefore be necessary 
for the teacher to state the names of such tools and write them on the black¬ 
board. In subsequent lessons the scholars should be traine<l to think out the 
various s^ges in the execution of any given exercise and the tools that will be 
nucessaiyr to carry out each stage, the teacher supplying the name of any new 
tool that will be required. 

The list of tools should, as far as possible, be arranged in the order in 
which they will be used in the execution of the work. 

Tools Required. —Ruldr. Pencil. Marking knife. Try square. Marking 
gauge. Tenon saw. Firmer chisel. 

Mflterlal Required. —Red pine, clear pine, or poplar. All are suitable for 
this exercise. * 

Note.— As it is not intended to teach planing in this exercise, each twlujlar 
should 'Se supplied with a piece of wood planed true to width and thickness, 
the length‘bein^r slightly in excess of the flnished model. 

Bonohwork.— .Stages.— . 

1. Select and mark the f^ce side and face edge. • 

2. Mark otT length and draw the stjuare lines across the surfacdf 
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' 3. Set oiit the j-in. divisions, using the4(^ibing knife for the first half and 
the pencil for the remaining portion. 

i. Draw square line across the surface, using the scribing knife and pencil 
as in 3. 

^ 5. Draw oblique line across the right half of the model, as shown in 

drawing. 

6. Gauge the depth of the grooves. 

7. Saw the sides of the groovea 

8. Remove waste from grooves with chisel. 

9. Test all dimensions with the rule, also compare the finished model with 
^he drawing. 

Demonstrations.— 

1. Selecting and marking face side and face edge. 

2. Marking off dimensions. 

3. Using the try square. 

(a) For drawing lines at right angles to a face of the material. 

(b) For drawing lines oblique to a face of the material. 

4. Setting and using the marking gauge. 

6. Securing the work for the purpose of sawing. 

6. Holding and using the tenon saw. 

Note.— Particular attention should be paid to the general arrangement of 
the work in the vice. 

7. Fixing the worlc in the vice for the purpose of removing the waste 
from the grooves. 

8. Holding the chisel and removing the waste from grooves which are at 
right angles to the side of the material. 

9. Holding the chisel ahd removing the waste from the grooves which are 
oblique to the sides of the material. 

10. Testing the dimensions, flatness of grooves, and comparing the finished 

work with the drawing. ' 

Remarks on Tools.— It will be quite sufficient, for this Iew6n, to narye the 
tools u^ and draw attention to the correct method of holding each. 

Remarks on Timber. —Tell the scholars the name of the wood that is 
being used for the exercise, and instruct them to observe such points as— 
(a) colour; (5) peculiar maskings; (c) nature of the wood as disclosed by 
sawing and chiselling. 
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^ \ 

EX^eiSE II 
PIJVNINO 

Exercises Involved. — Marking out on plank. Long sawing. Fact 
planing. Edge planing. Gauging to undlh. Planing to 'width. Gaug¬ 
ing to thickness. Planing to thickness. Marking out. Uhiselltng verti¬ 
cally. Chiselling oUiquely, i.e. clMm/ering across the grain. Boring. 
Sawing acroaa the grain. 

Instruotions. — Drawing. —Prepare a plan and aide elevation of each 
portion. Write ont a list of the tools and material requinxl. ' 

Tools Required. —Ruler. Pencil. Straightedge. Panel saw. Jack plane. 
Try square. Gauge. Marking knife. Tenon saw. Firmer chisel. Brace, 
j-in. cenl'rt bit. 

Msterisl Required. —One piece of clear pine, poplar, or red pine 13 in. 
by 2 in. by 1 in. 

Benohwork.— Stages.— 

1. Mark out plank. 

2. Saw out material. 

.3. Plane a face side. 

4. Plane a face edge. 

5. Gauge the wood to width. 

0. Plane the wood to width. 

7. Gauge the wood to thickness. 

a Plane the wood to thickness. 

9. Mark out as shown in drawing. 

Note. —Use a pencil for the chamfer linea Ma{k the centres of the holes; 
do not draw the circles. 

10. Saw off the waste at each end. 

11. Vertically chisel corners at right end'of model. 

' 12. Make cnamfers at left end of model. 

13. Bore the holes. 

. 14. Saw the model into the two component parts. ' 

15. Chamfer the ends of each as in Stages 11 and 12. 

16. Test all dimensions and compare the fiaished work wiih the draw- 

■ .ing < 
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Demonstrations.— 

1. Marking mil and salving the plank. 

2. Planing in the following stages :— 

(a) Face siile. (b) Face edge. 

(<■) Gauging to width. (d) Planing off the waste. 

(«) Gauging to thickness. (/) Planing off the waste. 

3. Marking out work from drawing. 

4. Sawing otf the waste. 

Notk. —Ask simple questions concerning the method of holding and using 
the saw. 

6. Chiselling verlicaUg. 

6. Chamfering—Chisdling obliquely. 

7. Using the brace and centre bit. 

8. Testing the finished work. 

Remarks on Tools. —Question concerning the names of the tools used in 
the first model; the methods of holding them; names of chief parts Aa- 

Try Square. —Stock—black colour. 

Blade—made of steel. 

Other metal—bra^ 

Gauge.—S tem—long piece. 

Stock—large piece. 

Spur—part for making the mark. 

Chisel.—H andle—blade. 

Metals used—steel and brass. 

Tekox Saw. —Handle—blade. ^ 

Metals used—steel and brass. 

The new tools used will have been named during the demonstration. 

• 

Remarks on Timber. —Compare with wood used for Exercise I. Simple 
questions concerning the colour and nature of the wood. What is the colour 
of the wood? d)oe8 the wood plane easily? Could you chisel the wood 
easily? Is it hard or soft to the touch? Is the gauge made 'of the same kind 
of wodd? Is the stock of the try square mode of the same kind of wood? Is 
any part of the bench,made of the same kini)>of wood? Can you see any 
■ , articles in the room which are made of the same kind of wood? 
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EXERCISE III 
KEV OR LUGGAGE LABELS 

* Exercises Involved: —Markinj: out pknk. Long sawitirj—thin mateAal. 
Chiselling vertically: (o) a straight surface; (6) n curved surface. Chiselling 
obliquely. Boring. End-grain planing. 

Instructions. —Prepare a plan and side elevation of each portion. 

Call attention to the method of constructing the octagonal end of the 
luggage label, also the Gothic curve which is based on the equilateral 
tr^ngle. 

Tools Required. —Ruler. Pencil. Straightedge. Panel saw. Jack plane. 
Try square. Gauge. Marking knife. Compasses. Tenon saw. Chisel. 
Brace, f-ia centre bit Shooting board. Smoothing plane. 

Material Required. —One piece of clear pine or poplar, 12 in. by in. 
by i la 

Benohwork.— Stages.— 

1. Mark and saw out material. 

2. Plane material to required dimensions. 

3. Mark out work as shown in drawing. 

4 Saw off waste at each end. 

5. Obliquely chisel end of first label. 

6. Vertically chisel curved end of the second label. 

7. SepaTate the parts, sawing a short distance from the line to allow for 
“shooting" the enda 

8. Plane the ends on the shooting board, i.e. “ shoot the ends". 

9. Vertically chisel the comers. 

10. Bore the holes. . 

11. Clean the surfaces with the smoothing plane. 

12. Test all dimensions and compare the finished work with the drawing 

Demonstrations.— * ^ , 

1. Marking out the plank, sawing out the material and planing to 

dimension. ' 

* t 

Note. —Question the scholars, as the work proceeds, conceraing the 
various stages, to be executec^ as detailed in the previous lesaoa 

2. Marking out work from the drawing. 
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* 8. Sawing off the waste and obliquely chimlUng one end. 

4. Vertically ehieelliny curved end. 

Note. —Work from base of curve towards the apex. See remarks in 
Pirt II, Chapter VI, on the “wedge aelioii” of the chisel when performing 
chiselling of this kind. 

5. Boring the holes. 

QnetHon the scholars concerning the various points dealt with when 
giving siinilar lesson in previous model. 

6. Separating the parte, allowing for “shooting" of ends. 

!J. Vertically chiselling corners. 

8. End-grain "shooting”. 

9. Using smoothing plane to clean surfaces. 

10. Testing the finished work. 

EXERCISE IV 
A KEYBOARD 

ExsrolBes Involved.—Marking out on plank. lying sawing at vice. 
Planing to dimensions. Geometrical marking out of ends. Sawing with tenon 
saw. Vertical chiselling. Chamfering with chisel across the grain. Cham¬ 
fering wUk chisel oblique to grain. Chamfering with jack j^ne. Soring 
with bradawl. Use of smoothing jdane. Nail driving to special angle. 

Initruotft>IW.—DEAwmo.—Prepare a plan and elevation as shown. Call 
attention to special shape of the ends and the method of constructing the 
octagon, which should be carried out as follows:— 

(o) Ih«w the squares at each end. 

(6) Draw diagonals of squares. 

(c) Draw the quadrants, using the comers of the square as centres, and 
having the compasses set to half the length of the diagonal for radjus. 

N<jte. —There is a common tendency among scholats to trMt this con- 
structiqn. somewhat carelessly. The curves (quadrants) should just toach* 
back to' back, in tjie centre. 

Draw attention to projection of inclined intersection of chamfers. Treat, 
their extremities as pointe, and deal with these as described in the chipter 
on “ Projection * • 

Question concerning the tools and material necessary, and till in the lista 
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• Tools Re4<(lred. —Ruler. Pencil. PaneliLiw. Jack plana Try aqtiare. 
Gauge. Marking knife. Compass. Tenon saw. Firmer chisel. Brace and 
j-in. centre hit. Fine bradawl. Smoothing plane. Hammer. 

, Material Required. —One piece of clear pine or poplar, 13 in. by 2^ in. by 
1 in.; six 1 J-in. brass escutcheon pine, or six 1- or f-in. brass sijuare-shouldered 
hooka 


Benohwork.— Staoes.— 

1. Mark and saw out material. 

2. Plane material to required dimensions. 

.JJ. Mark off length and set out ends and centres for holes and nails. 

4. Cut off waste and vertically chisel comers. 

5. Chamfer (a) ends, (6) oblique comers, (o) long edges. (Use jack plane.) 

6. Bore the holes, and with bradawl prick holes for nails or hooks. 

7. Clean off surfaces with smoothing plane, and drive in nails or insert 
hooks, 

8. Test finished work and compare with drawing. 

Demonstrations.— 


1. Marking out and sawing 
plank. 

2. Planing to dimensions Ques¬ 
tion concerning stages to be gone 
through wh^n planing. , 

3. Marking out work from 
drawing. 

•Note.—I n order to use the 
(Ampass for constructing the octa¬ 
gons at the ends it will be neces¬ 
sary to place an odd piece of wood 
against the side of the exercise, in 
order that the point of the compass 
may rqst qp the joint, as shown at 
a and b in a^om]Mnying fig. 252. 
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4. Sawing off waste and vertically chiselling corners. • 

Note. —It will be sufiicienif to saw one end and cjjisol one corner. The 
remaining comers can be executed whilst the pupils proceed with tlwir work. 
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or they can be utmzed for dernonstrations to weaker boys who have not > 
mastered the detail during the main demonstration. 

f 

5. Method marking out chamfers. 

Noi'E. —It will bo necessary to make a thumb gauge for the purpow. 
This consists of a small piece of wood 3 or 4 in. long and about ^ in. square, 
having notches at each end which are respectively J and J in. long. (See 
chapter on “Gauging" for details concerning method of making and using.) 
It is at times convenient to use an ordinary gauge for the purpose. This can 
be accomplished by moving the stock to the back end of the stem, the stem 
being allowed to protrude a distance equal to the distance the required Jine 
is to bo on the surface from the edge of the material, and using a pencil, as in 
the case of a specially constructed thumb gauge. 

6. Chamfering in separate stages; (a) The ends, (b) the oblique chamfers, 
(c) the chamfers along the edge. 

7. Boring the holes. Pricking the holes for the naik Cleaning the sur¬ 
faces with the smoothing plane. Driving the nails. Testing finished work. 

RamarkS on Tools. —Carry the questioning concerning tools used a stage 
further. Introduce other simple details. Mention parts of hammer. 

Tlmbor. —Questicm concerning details of the material used. 

Nalls. —Special metal of which composed. Particular colour. Advantage 
of using brass (does not rust). ^ 


EXERCISE V 
A ROUND RULER 

Bxerolses Involved. —Marking out on plank. Long sawing. PlaningcA) 
dimensitm. Catring to length. Qeometrioal marking out on end grain. 
Chamfering with plane, i.e. flaming to pr-iematic form. Planing to 
ilriccU form. Filing a curved eurfaoe. Qlaeapapering. “ 

Instrao^na—D rawino. —Prepare a drawing showing the three stages 
'thsDugh which the work passes, together with sections or end qleva|tions. 

It will be noticed that the sections of the rectangular prism M|||b(!tagonal 
.prism are slightly larger than the diameter of the cylinder. Tl^ta^ws for 
the p'laning, filing, and glasspapering of the cylinder. ^ 

Note.—W hen drawing an object the length of which is much greater than 
its sectional area, and provided it is parallel an<|.of uniform structure through* 
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out iU length, it is not necessary to show the complete length; but the middle . 
portion is assumed to be broken out and the two ends drawn close together 
to a large scale, as shown in the accompanying figure (fig. 263). ' 

Question concerning the tools and material necessary to execute the work^ 
and fill in the lists. 

Tools Required. —Ruler. Pencil. Panel saw. Jack plane. Try square. 
Gauge. Marking kniie. Tenon saw. Oompass. Smoothing plane. Half- 
round file. GUmepaper. 

Material Required. —One piece of clear pine, poplar, or red deal, 13 in. by 
1} in. by 1} in. 

Benchwork.— Staoes.— , 

1. Mark out plank and saw out material. 

2. Plane material (a) face side; (b) face edge; (c) gauge to width; (d) plane 
off the waste; (e) gauge to thickness; (/) plane off the waste. 

Note. —The exercise should be carried out in the stages indicated, each 
scholar submitting his work for approval as each stage is executed. 


3. Mark off length and saw off waste. 

4. Mark out ends, i.e. draw diagonals and circles, as in section of cylinder. 

5. Mark chamfer lines on all surfaces. 

_ Note. — For this pur¬ 
pose it is necessary to 
make a " thumb gauge ”, 
which can be executed in 
the following manner; Pre¬ 
pare a small piece of wood 
about 4 in. long, f in. wide, 
and } in. thick (4^' x I" 

X dimensions 

are not important, and need 
not be adhered to. Ifakt 
apply the piece to 

< , of the model, as shtnrai in 

accompanying figure (254). The end A is placed to the centre of the piece 
.sod a mark made at B. so that the distance AB is equal io half'the len^h 
of the* diagonal (a). The piece A B is then sawn out, and the top chamfered 
as shown (5). This enables the chamfer lined to be drawnifllt th^ surfaces 
of the restangular prism. The gauge is held iq the left handed the pencil,^ 
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• ^ 

. applied by the right hand, gauge and pencjj being gradually drawn towards 
. t)\e operator. (See chapter on *' Gauges and Gauging ”.) 

6. Maki chamfers, i.e. convert the rectangular prism into an octagonal one. 
, 7. Hane to cylindrical form. 

Note. —This should be carried out by systematically doubling the number 
of faces to the prism, as 8, 16, 32, 64, 128, 256, and in such a way that all 
faces are of uniform width. It will readily be seen that, as the number of 
faces is increased, they must of necessity become much narrower, until 
“theoretically” they become so numerous as to have no width; that is, they 
form a cylindrical surface. It is essential that the circles on the ends are 
carefully watched and the lines worked to. 

8. FUe and Olasgpaper .—It is not possible to produce with a plane having 
a flat face a perfect cylindrical surface. The file and glasspaper are there* 
fore introduce in order to remove any remaining edges. 

As the work proceeds the scholars should test their work by revolving it 
in the hand, the tips of the fingers being allowed to just touch the surface of 
the work. Any irregularities are in this way quickly detected, the sense of 
touch in such cases being keener than the sense of sight. 

The filing is executed in the following manner: One end of the model rests 
on the bench, whilst the other is held lightly between the thumb and finger 
of the left hand. The file is held in the right hand, and a dual motion im¬ 
parted to it—i.e. forward in direction of axis of file, and downwards along 
the model. The model is at the same time rotated by the left hand. These 
two motions combine to produce the true cylindrical surface. 
Damonstrations.— 

1. Harking out plank, sawing, and planing. 

2. Marking out work and sawing off waste. 

8. Marking ends and ckHm/ering to octagonal form. 

4 . Planing to cylindrical form. 

■vfc Filing and glasspapering. 

^Kkesting the finished work. * 

jHfena.—Deal with special form of Sdids: (a) regular, (5) irregular. • 
Irregular sUuls have no special sfiape, as a lump of stone,-&c. 

•* Regular aUiis (a) have a special shape; . 

/ (b) named after their shape and arrangement of sifffaces. 

The SMerij^A ball. All points on surface equidistant from a given point 
^thin, culed Ae "centre". • 

'ICSU), 
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I . 

Prisms. —.Solid« the facee of which are parallelog^rama and the ends • 
equal and parallel ti^nreH. 

(a) Right prism—ends at right angles to axis. 

(b) Oblique prisms—ends parallel but inclined to axis. . 

Prisms named after the shape of their ends, as; s<]uare, rectangular, 

triangular, pentagonal, hexagonal, octagonal, &e. 

Cylinder. —An elongated, round, solid body of uniform diameter thrcmgh- 
niit its length, and terminating in two flat circular surfaces which are equal 
and parallel. 

Pyramids. —Contrast with prisms. A solid whoso base is a rectilineal 
tiguro, and whose sides are triangular and meet in a point * 

(а) Right pyramid—axis at right angles to base. 

(б) Oblique pyramid—axis is inclined to base, 

(c) Named after shape of base, os: triangular, s(]uaru, rectangular, penta¬ 
gonal, hexagonal, octagonal, &c. 

The Cone. —A solid having a circular base and tapering to a {)oint 
(n) Right cone—axis at right angles to the base. 

(6) Oblique cone—axis inclined to the base. 


Note. —These ])oints should be dealt with during the drawing lessons 
and reviewed in subsequent lessons. 

Remarks on Tools. —Question during demonstrations concerning methods 
of holding the various tools and the names of various parts. 

The File. —Call attention to manner in which teeth are formod. Explain 
abrading action of flies. 

Olasspaper. —Call attention to general structure. Necessity for aij[t 
particles to bo of uniform sixe. Demonstrate effect of having just on*. 
IMrticle of glass larger than remainder, i.e. a scratch wherever it comes in" 
contact with the work. 

Timber. —Review <mm{>arison between clear pine, red pine, and poplar.-^ 
Take small waste pieces of each, and, splitting each, demonstrate straij^toesS ‘ 
of grain, b^xhibit planks and call attention to freedom from knots. ]p^6iine 
end grain and call attention to markings, i.e. annual ringa Compare, speci¬ 
mens for visibility of annual rings. Take specimens of fqual volunfi««nd 
.compare weights-^pproximate test Later, the specimen should be testei^vn 
balance. Demonstrate approximate of relative haidness by,A{tjym|) 
form blows with a hammer on specimen piecei of each. Foii 
on map whence supplies are obtained. 




---- C J r rr<G (In 0 


/y />t /’ij 







/i'c* ■• f**/ It < r ^ i‘ 

-i - - - < 


t2 ..10. 

P( </ / / 



.V . ^ 

-■ - ( ■>:, < ( ■ f . ;--/- /.-/• 

''f A 




















j^cores 


260 PRACTICAL WORK 

EXERCISE VI 
AN EGGSTAND 

BzarelUS Involved. —Marking; out and sawing from plank. PlamAng 
broad $urfaces. Planing to dimensions. Marking out Boring laige holes. 
Sawing long cuts with tenon taw. Planing to semi-cylindrical form in 
direction of grain and across the grain. Oblique slopped diUetling. 
Chamfering with the chisel across the grain. Nailing together of various 
parts. , 

lutraetlons.— Allow the scholars to examine the teaching model and 
measure its various parts, and from the data so obtained prepare a plan, side 

elevaticm, and end elevation. It will 
be seen that the end elevation is 
necessary in order to show the true 
shape of the beater. 

Notb.—I n order to draw the semi¬ 
circular ends in the elevations, pro¬ 
ceed as shown in accompanying sketch 
(fig. 256) by making AB equal to AD, 
i.e. the thickness of the top. At B 

_ erect a perpendicular bc, thus eom- 

ii(,as pleting the square ABCD. Draw the 

diagonals, and through the centre u 
draw E F perpendicular to A B. With Q as centre and radius O E draw Ilie 
semicircle EHF. 

Mote. —Unless carefully wtUched scholars are apt to be careless in the 
execxUion of this portion of the work. 

Question the class concerning the processes involved in the making of 
the model, the tools required, and material that would prove serviceable, and 
complete th^ list of tools and material. 

•Tools Rsqulred. —Ruler. Pencil , Panel saw. Jack plane.' Jry ^uare. 
Gauge. Marking knife. Tenon saw. Brace and I }-in. centre bit. }-br 1-in. 
firmer chisel. Bradawl. Smoothing plane. QIasspaper. kammer. 

Hktorial Roqnirod. —One piece Of clear pine, poplar, or satin walnut, 
IS in. by in. by in.; one piece of clear' pine, poplar, or satin walnut, 
II in. by 2 in. by } in.; six 1-in. brass escutcheon pins. 
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Benohwork.—S taoes.— , 

. 1. Mark out plank and saw out material. 

2. PlanS material to dimeusionn. 

• Note.—S ee that each etage U carefully performed in its right order, os 
previously detailed. 

3. Mark oft length of top, and set out the centres of the holes, i.e. it is 
not necessary to draw the circles; the centre bit will make its own circles. 
Mark out bearers; they should not be separated until the notches on the 
under sides have been chiselled. 

4. Saw otr the waste at the ends of the top piece, sawing to the line, and 
proceed to round the edges in the following manner. 

Make a thumb gauge having a notch in. long, and mark pencil lines 
round both surfaces and along the middle of the edges and ends. These lines 
on the faces show where the rounding ceases and the line on the edge in¬ 
dicates the crown of the curve. Having made these marks, proceed to round 
the ends first. Tliis is done with the smoothing plane, the plane being held 
obliquely after the manner in which the chisel was held for chamfering across 
the grain. Having completed the ends, proceed to round the long ^ges; using 
the jock plane or smoothing plane as in the case of the round ruler. 

5. Bore the holes in the top. 

6. Chisel the notches on under side of bearers. 

(See note on this in Chapter on " Chiselling Processes ".) 

7. Cut q/f bearers to l^n^h and chamfer the ends. 

8. Clean off surfaces with smoothing plane, and glasspsper the curved 
edges and ends of the top piece. 

9. Mark on the under surface of the top the position of the bearers. Bore 
the nail holes. Nail top to bearers. 

10. Compare finished work with the drawing. 

Demonstrations.— 

1. Marking out the plank, sawing, and planing. The extra difliculty of 

* planing a bioed surface should be carefully explained. ^ ^ 

2. Marking out of top and bearers., • 

3. Hawing otr waste and method of guiding the tenon saw across a broad 

surface. ’ ^ ■ 

Note. —The,re is a tendency amon^ scholars, when making long cuts with 
the tenon saw, to rest all thd teeth of the saw upon> the wood at starting, 
with the result that when the saw is pushed forward it slips awa;^ from the * 
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linit, thuH piYxlucinj; a ragged cu^, and damage to the sunace ot the exerciM. . 
The principle of starting witli the tip of the eaw at the far end of the lipe, 
and gradually lowering the blade at each aucceseive stroke, the blade being 
guidtsl to the line by inoanH of the left thumb, should be rigidly adhered t^ 
'riii.H exereiso correctly performed develops the confidence of the pupil. 

4. Marking and rounding of ends and edges. 

Draw attention to the ease with which the corners are split when 
planing the ends, if the axis of the plane be held in line with the edge of 
the model. Refer to similar action when chamfering the end of the fiist 
portion of Exetxiise II. 

Boring holes. • 

Note. —Demonstration is not really necessary, but the lesson affords an 
opportunity of questioning concerning the principles'taught in previous lessons 

6. Method of chiselling the notches and finishing bearers. 

Note. —Draw attention to the necessity for exercising perfect contiol over 
the chisel when making the finishing cuts, in order that the two planes shall 
meet in an edge. 

7. Ulasspapering the curved edges 

(a) The End *.—The work is fixed in the vice and a atrip of glasspaper 
stretched over the end. The ends of the glasspaper are firmly grasped be¬ 
tween the thumb and first finger of each hand and held close in to the faces of 
the work. The hands are then alternately raise<l and lowered, at the same 
lime Ijeing moved forward and backward in line with the axis the cylin¬ 
drical surface to be produced. In this way the whole of the curved surface 
is brought under the action of the glasspaper and a good curve produced. 

(5) The Edgee .—These can bo treated in a similar manner, but should be 
linishetl by imparting a forward-and-bockward imrtion only to the glasspaper. 

8. Nailing together of parts and testing finished work. 

Lessens on Tools. —Question the class conceniing the names of the 
various pari^ of the jack plane. It will tie necessary to tell the scholars the ‘ 
naiues of such parts as cannot be npmed after examination. ‘ l^xplain the 
use of the button, and reason for iron becoming loose when the button is 
. struck. Method of taking irons apart for sharpening and resetting. 

ninbor. —Should satin walnut haft-e been used for this exercise, make 
a comparison between this and other woods previously used. 

CalcuUtions. —What will be the length of a cylinder having, a diameter 
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tqSal to the diameter of the holes bored, which shall represent the amount 
if wood removed when boring the holes? 

How many holes are there? How deep is each hole? Then— 

14 in. X J in. in. 

The method of finding the volume could be explained to an arlvaneed class thu.s: 

Arm of cirde =» diameter multiplied by diameter or (rf*) x •7864. 

Kofume of a cylinder = area of end multiplied by length at axis. 

Sums.— 1. There are twenty boys in the clasa Each boy bores fourteen 
holes 1} ill. diameter and J in. deep. How much material is consumed in 
ties process? 

2. How many square inches of surface will have been removed during 
the process of boring the fourteen IJ-in. holes? 

EXERCISE VII 

A RECTANOULAH BOX 

Exercises Involved. —Marking out and sawing from the plank. Planing 
(longer piece). Marking out. Sawing with tenon saw. Oroovivg for hi/ue- 
iwj joint. Vertical chiselling. End-grain planing. Nailing logethrr of 
parte. Cleaning off work with smoothing plane. 

Instructions.—Allow scholars to examine the teaching model and measure 
all its pai^s. Explain {he principle of the honting joint involved and the 
advantages of such n joint compared with simply nailing in the ends fiush 
with the end of the sides. 

Prepare a plan, side elevation, and end elevation. 

Carry the explanation of the principles of orthographic projection a stage 
further. 

Elxhibit model of dihedral angle and show the position of the model as 
related to the planes of projection in order to afibrd the views to be drawn. 

Explain the necessity for haviiTg dotted lines marking the ^ition of the 
grooves in elevation, and why such lines are dotted. • * 

Qliestllon the class concerning the various tools and material that will 
be required *in older to make the exercise and write out the usual lists. „, 

Tools Required. —Ruler. Pencil • Panel or cross-cut saw. Jack* plane. 
Try square. Tenon saw. Ctauge. Marking knife.. Firmer chisels j and 
} in. Bratlawl (fine). Hammer. NaU pitnch. Smoothing plan* 
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Material Required. —One pie^ of clear pine or poplar, 16} in. by 2} ii 
by } in.; one piece 7 in. by .1} in. by } in.; fourteen 1-in. oval wire naik 
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Benohwork.— Stages.— 

1. Mark out plank and saw out material. 

2. Plane material for sides and end. This should be kept in one length 
until planed, marked out, and grooves cut. 

NotEi— There is a tendency among scholars to cut their work into small 
pieces and then to execute any necessary 4ork on such short or small pieces. 
Thi% principle is bad, and should never be allowed. There is always more 
danger of a scholar injuring himself when working on such small piecea 
.IJiere is less scope for the performance of satisfactory work.' Numerous 
small jiieces are apt to be mislaid or lost 

Make it a standing yule that the material istnot to be separated into parts 
■ . until all prssible work has been executed on such pieces in the bulk. 






COURSE I 


!65 


scores 


3. Mark out work. 

tr 

. 4. Saw and chisel grooves. 

5. Savi*oir various parts. 

, (a) End pieces should be cut to the line. 

(b) Side pieces should be cut in. from the line to allow for planing 
(shooting) the ends 

6. Clean off inner surfaces of sides'and both surfaces of end pieces, and 
nail sides and ends together. 

7. Plane piece for bottom of box; this should be kept slightly wider than 
is actually required. 

* 8. Mark off length of bottom. Saw off waste in. away from the line. 
Mark position of nail holes. Clean off inner surface. Nail bottom to framing. 

Note. —Scholars must be warned to keep the top framing square whilst 
nailing on the bottom. This can be accomplished by first nailing along one 
side, then testing work with the try square and holding the parts firmly 
whilst a nail is inserted a short distance on the other side, then testing again, 
making any necessary corrections before driving home the nail. 

9. Punch all nails below the surface, and clean off all outer surfaces. 

Note. —Explain the effects of not punching the nails to a sufficient depth. 

It will be found that scholars, in their eagerness, often really do not observe 
that they are planing the head of a steel nail, and have no knowledge of its 
disastrous effects on the surface of the plane and the cutting iron. 

Rememlier that knowledge is only an accumulation of experiences. 

10. Plane the ends of the box to the line. 

Special care is here required in the manipulation of the smoothing plane. 

11. Compare finished work with drawing. 

DomoDEtratlons.— 

1. Marking out the plank, sawing, and planing. 

2. Markjng out, sawing, and dyselling grooves. 

3. Sawing off waste. Smoothing various parts and nailing tggether. 
Nm'no-i^uestion the class concermng the advantage of inclining the ihila 

4. Nailiilg on* bottom and planing off outer surfaces of model 

5. Method of planing off the end grain at ends of box. * 

Note. — The plane must be held on the skew, 4nd the successive strokes 

taken inwards, in order to avoid splitting at the outer ends. 



•Mores 


26(i 


PRACTICAL WORK 

-'V.* i 


Lessons. —Explain the " hoiurinff joints”. Question the dass concerning 
other l•xampU•M of the use of suelli a joint. 

Tools.— simple questions concerning the various tools that Jiave been 
nse<l during the exei-cise. 

Oeal more in detail with the tenon saw, and make a comparison with the 
[lanel saw. 

Tk.non Saw Panku Saw. 


Handle open. 

Hla<le rectnngidar. 

Blaile thin. 

'I'eeth small, 14 per inch. 

Brass stiffening rih. 

Chiefly used in horixontal position. 
Amount of set, small. 

Makes a fine kerf. 

Only used for shallow cuts. 


Handle closed. 

Blade tapering. 

Blarle fairly thick. 

Teeth much larger, K per inch. 
No stiffening rih. 

Chiefly in an oblique position. 
Amount of set, greater. 

Kerf much coarser. 

Used for deep cuts. 


Timber.—Name of wood used. Nature and properties. Uses to which 
applied. Used by patternmakers; reason for thia Compare holding power 
of nails and glue when used in connection with the wo^. 

Caloulatlona.— 

What is the area of the bottom of the box outside? 

What is the area of the bottom inside? 

What is the area of one of the long aides outside? 

What is the area of the long sides inside? 

What is the area of the ends? , 

What is the capacity of the box? 

(4J in. X 2} in. X 2 = 20J cu. in.). 


How many cubic inches of wood have lieen used in making the box? 

Sides, 6 in. x 2 in. x 8 in. x 2 => 9 cu. in. 

Ends, 28 in. X 2 in. x i in. x 2 <= 3} cu. in. 

Bottom, 6 in. X 3 in. X f iq. » 6} cu. in. 

s, 198 

^ A 

Assuming that there are nails to'the pound, determine the ifaraber of 
boxes for making which 8 lb. of nails will suffice? ' ‘ 

'' How would you ealcnlafe the numbey of nails per pound? 

‘S«t a Mholar to count the number of nniU, in. my, 1 ox., or iOxcnlM arc not avaUa*bl», then oonnt Um 
numb«r of nail* In a packat tb« wel«ht u( whlen b known, and ebtarmina tti« number per pound from tk# 
* « data obtained, 
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EXERCISE VIII 

A SOAP BOX 

GxeroiSM Involved. —Marking out and sawing from the plank. Planing * 
to dimensions. More difficult example in marking out. Sawing with tenon 
saw. Grooving for housing joints. Sawing convex curve with bow saw. 
Spokesfuiving convex curve. Boring. End-grain shooting. Shooting ob¬ 
liquely aoroaa t/u grain. Vertical chiselling (a) in the direction of the grain, 
(6) across the grain. More difficult example in nailing. Uaing ecrewa. 

Instructions. —Allow tlie scholars to examine the teaching model and 
measure all its parts, noting carefully the direction of the grain of the wood 
in each part, and proceed to draw a development of all the parts as shown 

in accompanying iig. 258. 

None.—It is advisable that a de¬ 
velopment be drawn in this case, 
owing to the apparent complications 
of the parta Care should be taken 
to explain the necessity for “ pairing ” 
the side pieces, i.e. setting them out 
opposite-handed, as shown in draw¬ 
ing. The development shows clearly 
how the various parts will be marked 
out on the wpod, with resist to the 
direction of the grain of the wood. 

The back, shelf, and sides are pre¬ 
pared in one piece. The top shelf 
can be prepared from a small odd 
piece. THe curved top presents an 
opportunity for explaining the follow¬ 
ing problem:— 

Tind the centre of a circle, having 
jjiven an arc of the circle., 

Proceed as follows: Lay Jhe teach¬ 
ing model on a piece of paper, and mark round the curved tdp wfth a pencil, 
as AB Vn fig. 259. Take any point C in the curve, and join AC, BC, chorda 
of the reijuired circle. .Bisect AC, BC, and produce the bisectoVs to intersect 
• , in D, which will be the centre of the Circle. 




COURSE I S69 

Chord. —Any straight line, having its e;ctremities in the circumference of 
a« circle. 

Arc.—Stny portion of the circumference of a circle. 

. Siaect. —To cut into two equal parts. 

Question the class concerning the tools and material required, and write 
lists of such tools and material. 

Tools Required. —Ruler. Pencil. Panel saw. Jack plane. Try s<|uarc. 
Gauge. Marking knife. Compass. Tenon saw. Firmer chisels, ^ and } in. 
Bow saw. Spokeshave (iron). Brace and |-iii. centre bit. Bradawl (fine). 
Smoothing plane. Hammer. Nail punch (small). Screwdriver (small). 

• Material Required. —One piece of clear pine, poplar, or satin walnut, 
19 in. by 3J in. by J in.; one piece, 4 in. by 2 in. by J in.; eight 1-in. oval 
wire nails; two J-in. No. 6 screws. 

Benchwork.— Staoes.— 

1. Mark out plank; saw and plane material to dimensions 

2. Mark out work as shown in drawing. 

8. Saw and chisel grooves 

4. Saw and chisel notch in shelf. 

5. Bore the hole. 

6. Saw and spokeshave curved top 

7. Saw off the various parts, cutting about jV in. from the line to allow for 
shooting exposed enda 

Note.—E nds not eiyjosed, as in the case of the shelf, should be sawn off 
direct to the line. 

8. Vertically chisel the corners where so marked. 

9. Shoot all exposed ends, i.e. plane on shooting board. 

Note. —The necessity for chiselling the corners and then so arranging the 
material on the shooting board that the plane advances towards the chiselled 
comer should be explained. , 

Ask the scholars what would happen were this not attended 

ip. BprO the nail and screw hol(vs. Smooth the surfaces and fit various 
parts.' , , 

11. Nail the sides to the back. Fit and nail the bottom shelf in ^itien. 

Fit and screw,the top shelf in poeitioft. Remove the waste at the front edge, 
of the bottom shelf with the \)lane. • 

12. Compare finished work with the drawing. 


’ ^orss 
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' <4l^ltlWistFation8.— , 

.j0^Jia.Tk out the work, explaining carefully the ueceaaity for reversing tha 
side pieces, i.e. pairing. * 

2. Bow-«awing ami spokeshaviug top curve. 

0. Shooting exposed ends. 

4. Nailing and screwing together of various parts. 

Lessons: Tools.— Deal with various tools used during the exercise. 
Name the parts of the bow saw, and question concerning the purpose served 
by such parts. Explain briefly the advantage of a spokcshave. 

Timber. —Deal briefly with the first principle)/o£ growth. Parts of a tree. 
Ascent of sap. Heariwood. Sapwood. (Exhibit samples.) 

Caloulatlons. —What is the area of each of the parts, neglecting the 
corners which have been removed? 

Note. —An advanced class could take the comers into account. 

What is the volume of the various (sirts? 

What is the approximate weight of the model? (Neglect holes, corners, 
grooves, and assume tliat 1 cu. in. of the wood used weighs J oz. 

How many of these models could be made from a plank of wood 
10 ft. by 12 in. by i in.? 


EXERCISE IX 
A TOILET BOX 

4 • 

Exercises Involved. —Marking out and sawing from the plank. Planing 
to dimension. More difiicult examples in marking out, involving geometrical 
construction. Sawing with tenon saw. Grooving for housing joint. Sawing 
convex curves with bow saw. Spokesliaving convex surfaces—more difficult 
examples. Omntnented, boring. End-grain shooting. Chamfering with and 
aernns the grain. Using smoothing plane. Fitting and nailing. Omamental, 
failing, iie. brass escutcheon pins should be used for nailing the front. 

Instructions. —Allow the scholars to examine the teaching model and ^ 
m'eaanro all us parts. ^ 

Prepare a development of such parts, as shown in accompanying fig. 260. 

,, Note. —Construction at top of bock. Method of describing an equilateral 
, triangJA Method of constructing a “ Trefoil•' 

Question the class concerning the various tSxila to be used and raaterwl 
, required, said write out the lists of such tools and material 
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Tools ROQUlnd. —Ruler. Pencil. Panel or crosecut saw. Jack ]^ane. 
Try square. Gauge. Marking knife. Tenon saw. Finner chisels, ^ and 4 Ip. 
Bow saw. Spokeshave (iron). Brace and centre bits, and 1 in. Bradawl 
(dne). Smoothing plane. Hammer. Nail punch. 

Material Required. —Satin walnut answers well for this model. Other 
fancy woods may be used, provided they be not too hard for the peitimlar 
scholars about to make the exercise. 

Nora.—The back and bottom is made from one piece, the sides and front 
being made from another piece. 

For the back and bottom, one piece 14^ in. by 4} in. by i in.; for the front 
and sides, one piece 12 in. by 3J in. by ^ in.; ten 1-in. oval wire nails; fqur 
1-in. brass escutcheon pins. 

Banohwork.— Staoes.— 

L. Mark out, saw, and plane material to dimensions. 

Not*. —The piece for the bottom is kept the full width of the back until 
ready for nailing in position. It will be seen that by so doing the danger of 
spoiling the comers when chamfering is thus avoided. 

2. Mark out all work, as shown in drawing. 

3. Saw and chisel grooves. 

4. Saw and spokeshave curved top. 

Not*. —Scholars usually make two mistakes when performing this exer¬ 
cise: 

(а) The spokeshave is allowed to "dip” into Mie material at starting, 
thus making a “hollow place” where the tangent edge meets the curved 
edge. 

(б) In rolling the spokeshave over the curved edge too much is taken off 
at the point, thus forming a Uunt intersection, which looks unsightly. 

The exercise is purposely intended to afford opportunity for developing 
command of wrist manipulation. 

P 

5. Separate the parts, sawing away frdm line when the ends are exposed, 

«iid ,fo the filie for ends not exposed. Plane (shoot) exposed ends. Chamfer 
base. Clean off surfaces ready for nailihg together. '' 

6. Nail the front and sides together. '' *■ 

Ncfr*.—The side pieces being " squss-e ", scholars often arrange these with 
grain running the wrong way. Explain this point, and question concerning 
me reason<dor having the end grain buried in the groove. 
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Vail the aides to the edge of the back. 

Nail the bottom in position. ' 

(See nofce on “ Rectangular Box ”, concerning the squaring of parts, before 
driving all nails in position, page 265.) 

’ 7. Comjtare linishe<l work with drawing. 

Demonstrations. — 

1. Marking out the work. Sawing ami siwkeshaving the curves at the top. 

Note. —Call attention to the probable errors, ns already mentioned, and 
show how these are to 1 k! avoided, 

• 2. Boring the holes. 

JJirTE.—There is a tendency among scholars to Ixtre the centre hole first. 
Ocmonstrato this on a spare piece, questioning nii:nnwhile concerning advan¬ 
tages or disadvantages, 

3. Nailing the parts together. Special care is needed when nailing on the 
bottom. 

Lessons: Tools. —Deal more fully with the brace and its various parts. 
Leverage obtained by means of crank; Compare amount of leverage in fol¬ 
lowing tools: Bradawl, gimlet, brace. Compare cutting action of bradawls, 
gimlets, and centre bits. 

Timber. —Review remarks on satin walnut. Examine transverse section 
of tree. Note and name parts seen. Explain briefly absence of distinct 
annual rin)^ in tropical ‘and subtropical trees. 

Calculations. —Find the ami of the various parts, neglecting curves and 
holes. 

Find the artai of the bock, taking the tfjp curve into consideration, using 
i-in.-squared paper for the purpose. 

Find the cubic capacity of the box portion inside. 

(4 in. X 2i in. x 3 in. = 30 cu. in.) • 

• ' 

How manjf 1-in, brass escutcheon pin.s are contained in 1 lb. ? ^ » 

Wljat ifould be the length of the wire, aasuming that 1 lb. of 1-in. nails 
were plac^ fend to end > 

How many boys can Ijc supplied ^ith nails for this Ixix from a f)ackdt 
containing ) lb. of nails? • 


(clld) 
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K:tERCl.SE X 
A HACK LAITED JOINT 

Exercises Involved. —Marking out and Hawing from the plank. Planing 
to diinenHioiiH. Marking out. Sawing. CliiMolling a broad surface. Accurate 
titling 

Instructions. —Dkawino.—T liia exercise affords an excellent opportunity 
for introducing isotiietric projection. Briefly explain tlie mlvantages and prin¬ 
ciples as set forth in tlii' chapter on “ Principles of Projection". 
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" jPrt'|Nire, Ml isometric view of each jiart as shown. (Question concerning the 
tools and material rei|uired, and write (mt the usual lists. '< ■ • 

Toots. —Ruler. Pencil. Panel sivw. Jack piano. Tiy sifjare. Gauge. 
Marking knife. Firmer chisel, } or J in. KnuKithiug plane. 

Material Required. —One piece of pine ^r jioplar, 12 in. by 2 in. by 
1 in. ^ 
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* Benohwopk.— Stages.— 

» 

. 1. Mark and saw out material. 

2. Plafle material to dimeiiHions. 

, 3. Set out grooves. 

Note.—E xplain necessity for tlie grooves being reversed on each piece, 
i.c. on the face side of one and back of the other; also neeessity for gauging 
the gixxjves from the fiwe xide in each case. 

4. Saw and chisel grooves. 

Note. —In such cases where wide gisjoves have to he chiselled, one or more 
extra cuts can be made across the waste. Such cuts should not extend (|nite 
to the gauge mark. (See Part II, Chapter VI, “Chiselling Proce.sse.s 

5. Separate the parts and fit together. Clean off surface with smoothing 
plane. 

This exercise affords an excellent opportunity of bringing home to the 
scholars' the importance of accurate work in all details. They must saw 
confidently to the lines. The joint either fits or it does not fit. Nn patching 
or faking should be allowed. Accurate self-ieliant work on the i»art of the 
scholars is the main aim; not merely two pieces of wcxxl fitting tightly 
together. 

Demonstration. —Make the joint from the start to finish, and let the 
scholars see how quickly such an exercise, can be made, and the nature of 
the work jjroduccd by ^rtiful, accurate, self-reliant efibrt. 

The cleaning off should Ix) carefully explained. The giain of the W(hs 1 
crossing at right angles presents a new ilifiiculty. The platii' must Is' held 
on the skew, and it should not be nllowc<l to dip when a])pr(siching the ends 
<(f the respective pieces. 

Note.—S cholars are very apt to make the ends of each piece thin. 

Lessons. —Tooi,s.—Deal more fully with the parts of the firiaer chisel 
Question briefly concerning other’tools used during the lesson, 

Tlmbor.j— Carry previous lesson on transverse section a stag(ffarther., * 

Chlcufations.— * 

Ai'eas of'surfoces of each piece. 

Volume of each piece before making the gr«s)vp. 

Volume of waste removed rfrom each groove. , 

Volume of complete model. 



scores 


276 


PRACTICAL WORK 


10 in. X 1 j in. x f in. - IJ in. x 1J in. x } in. * 

= Si in. X IJ in. x } in. = in. x i in. x J in. 

Hits 

= ,54 in- 

When twenty boys make this exercist!, determine the volume of wood 
wasted in makinj; the grooves. 

IJ in. X IJ in. x jiit x 2 iu. x 20 in. = = 45}^ cu. in. 

There ai-e twenty Ixiys in the class; each boy is given a piece of wood 
12 in. X 2 in. x 1 in. from which to make the model. Find the e.xact amount 
of w(Msl wasted, assuming the volutne of finished model to be 11 cu. ia 

Volume of piece given to each scholar. 

12 in. X 2 in. x 1 in. = 24 cu. in. 

Volume of the model 11 cu. in. 

Then (24 - 11) x 20 = 111 x 20 = 260 cu. in. 

EXERCISE XI 
A STRING WINDER 

Exercises Involved. —Marking out and sawing from the plank. Planing 
to dimensions (long piece). Marking out—pairing pieces. Cross-gi-ain saw¬ 
ing. Chiselling—^grooves and chamfers. Accurate fitting of pai-fe. Use of 
screws. More difficult example in cleaning off. 

Instructions. — Drawing. —Prepare a plan, part elevation, and section, os 
shown. Explain the use of sections and how projected. An isometric view 
of one corner may be prepared, applying the principles taught in the previous 
less(jn. Question concerning tools and material required, and complete the 
usual lisl/t. 

Tools. —Ruler. Pencil. Panel saw. (Jack plane. Try square. Gauge 
Mnr|<ing knii'e. Tenon saw. Firmer chisel, J in. Bradawl. Small screw¬ 
driver. Sm<x)tbing plane. ‘ 

Material Required. —One piece of pine or poplar 32 iu. by in', by J in.; 
four Jdn. No. 4 screws. , 

Benchwork.— Stages— , 

1. Saw< out and plane material to dimensions. 
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2. Mark out jrrooves as show/i in 263. Explain the necessity for 
ailuptinj; (his iiicthoiJ, i.e. it ensures that opposite sides of the reetangle ane 

ei|ual in length, (a) T\vo pieces 
marked on face side; (6) Two, 
pieces markcrl on Imck. (See la-st 
lesson.) 

3. Saw and chisel the giwves. 

4. Cut each piece to length and 
chamfer the ends. 

5. Fit parts. Screw together 

and clean off. < 

Note. —Call attention to neces¬ 
sity for all screw heads being 
turned welt below the surface. 
Question conceniing method of 
holding plane for cleaning otf surfaces where the grain in the .several parts 
cis)sses at right angles. 

Demonstrations. — 

1. Metlnsl of marking out the gi'ooves. 

2. .Screwing togr-ther and cleaning off. 

Lessons: Tools. —The screwdriver. Parts. Advantage gained through 
having pear-shaped handle. , 

Material. —Compare screws with nails for holding pow'er. (See lesson 
on “Screws”.) 

Timber. —Oeneral (pjestions concerning timber used and geogi-aphieal 
distribution. 

Caioulations. — 

1. How many cubic inches of wood will each boy require for the exer- 
•cisef ‘ , 

, 2. Wliafrifl the volume of the complete model, neglecting chamfers? 

3. How much planking 12 in. wide ivill ire required for a class (eighteen 
boys in order that each may make this model (allow | in. fot;saw, kerfs)? 

• • 4. ,What will lie the internal dimensions of a box sufficiently large to hold 

• the eighteen models for export? 

A.ssuming the box to lie made of J-in. Vtaterial throughout, calculate 

* the weight of liox and models packed ready for export 
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Expevimrni .—Weigh a piece of tlie imiterial to he used, and ealeulale tlie 
vreight per cubic foot in onier to se)lve tin* previous prohlem. 

0. WhSt will it cost to send the parcel from A to H pi-r Parcel Post, the 
•rate being xd. per pouiul > 


EXERCISE XII 

A WALL BRACKET 

Exercises Involved. —Marking out and sawing fr<jm the plank. Planing 
t(^ dmieasiona. Marking out including more complicated curves. ^In/ijifd 
gi'ooinng. ifotc siiwiiig—concave and convex curree. Moi’i> ditlicult exercise 
with .spokeshave. Vertical chieelling of slopjtcd curved aurfacce. More 
difficult examples in cleaning offi use of nails, use of .screws. 

Instructions Drawing.—P repare a development as shown. Explain 

tangent curves. Quadrants. Prepare an isometric projection of one of the 
parts, explain method of construction for drawing <piadrants. (Sei- chaider 
on '“Principles of Projection”.) 

Note.—T he isometric projection of the support is somewhat ilillicult for 
la'ginners, but with careful attention to detail may Is- masterisl. 

Question concerning tool processes, material re(|uired. ami complete the 
usual lists. 

Tools Required.— Ruler. Pencil. Panel saw. Jack plane. Try siptare. 
Gauge. Marking knife. Compass. Firmer chisels (various). Tenon saw. 
Bow saw. Spokeshave (small wooden). BracT anil J-in. centre bit or 
Forstner bit. Bradawl. SnudI pin bit. Counterainh. .Smoothing plane, 
Cork mbbor. Hammer. .Screwdriver (small). 

Material Required. —Pwlar. Cellar. Satin walnut. Black walnut may 
lx* used for this model, 'uie selection must depend u|K)n the stiength of 
the individual scholars. Black walnut looks well but is moie difficult for 
scholars to work than the forcgouig example.s, • , 

One piece 14 “in. by 4j in. by } in.; one piece H in. by ij in. les.J in:» nails, 
tliiw 1-iij, eval wire nails or tinishipg pins; screws, two J-in. No.'4; glue; 
glaaspaptr (fine)^ 

Benchwork.—STAOE.S.— 

1. Prepore .all material. 

2. Mark out as shown in ifevelopment. 

3. Make stoppeil groove. 




Fig. 9SI 
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4. Saw anil spokeshave lai'ge curvi-s. 

5. Chisel quadrant at bottom of snp])oi t. 

6. Separate i)arts, round off the eornera of shelf, and alioot Die ends, 

7. Round ofl’ the corners of liack and bore liole.s. 

8. Clean all parts. Glue and nail shelf to support. Screw the liack to 
the shelf. 

Demonstrations.— 

1. Markiiiff out the curves. 

2. Metho<l of forinin}; stopped grooves. (See chapter on “ Chiselling”,) 

8. Sawing and S|K>kesha\ ing curves, also chiselling (piadrant at bottom 
dT support. 

4. Use of glaaspa]X'r. 

Note.— The gla.sspaper should be rublxsl only in tin- direction of the 
fibres. Show scratched ap|)c‘aranee of work if ]iapered acioss the libres. 
Demonstrate the effect of papering across the fibres if the article is to be 
stained. (Ink will answer for a stain.) 

.'5. Methoil of using glue ami fixing model together. 

Lessons: Tools. —Further lessons on bow saw and spokeshave. (Jeneral 
questions concerning other tools used duriTig the making of the model. 

Timber. —Compare and contrast pine, poplar, satin walnut, black walnut. 

Glue.— Nature of substance, preparation for use, nece.ssity for water 
jacket. • • 

Calculations.— 

1. Find the area of the various parts. 

2. Find the volume n[ the various parts. 

.S, Find the cost of the particular material used in making the model. 

4. Find the cost of the screws used by the class at .rd, per gross. 

5. Find the volume of box required to contain one mmlel. 

6. Detormitie the Ixst manner of packing the nnsiels together, and ascer¬ 

tain the dimensions of a suitable 1m)x large enough to hold 'iN the modfis 
of Sr cla*l according to the munlH-r'of l)oys. * 
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A MOUTISK-ANDTKNOV JOINT 

Exercises Involved. —Mnrkinj; out utkI Nawiuj; from tim plank. Planing 
to dimenaioiiH. Marking out. Uw of niortiso gauge. MortiKing. Tenon 
and shoukler cutting. Accurate fitting. 

Instructions. — |)H.\wiN( 3.—Allow scholars to a.scertain dimensions of 
parts—English or metric standard—and prepare an isomi'trie projection of 
each part as shown. 

Complete lists of tools and mattu-ial. 

Tools Required. —Ruler. Pencil. Panel saw. Jack plane. Ti'y sipiare. 
Oauge. Marking knifi». J/ortw </ni(^e. Mortixr rhixel. Tenon .saw. 
Smoothing plane. 

Material Required. —One piece of red pine, whitt* pine, or pu|}lar, IJ in. 
hy 2 in. hy 1 j in. 

Benohwork.— .Staoes.— 

1. Pre|>are material. 

Note .—In all wiscijuent wiwWs of the eourHf, all that jm-Uiinx to the 
mwhig oat of material, ami pre/ximtion for maekimj oat will he iacluded 

in the. fir$t etage, an abow. 

• # 

2. Mark atf pieces and set imt mortise and shoulder lines. ' 

NI)TE. —The shoulder lines shouhi h« finely cut with the mai'kli'g knife. 
The position of the mortise should be markcsl with pencil.. , * ’ 

' .S. Oauge tiio tenon and mortise. (.See chapter on “ Gauging” for method.) 
4. Make the mortise.^ < ' 

, Note.— in all “through” mortising the Ijack edge should first be mortised. 
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the work is then turned over and tiie mortise completed from the face side or 
edjfe. The remaining core must be' driven through from the face side. 

6. Cut the tenon. ' 

Note. —The cuts running in the direction of the grain must first be made, ‘ 
when these are completed the shoulders should be cut. Scholars often revei-se 
this proceduiv with unsatisfactory result.s. 

6. Separate the j«arts. Kit the parts together. Clean off 

Demonstpations. — 

1. Marking out and using mortise gauge. 

2. Mortising. 

8. Sawing the tenon. 

4. Kitting and cleaning off. 

Lessons: Tools. —The mortise gauge. Compare with marking gauge. 

The mortise chisel. Compare with firmer chisel. 

Timber. —Growth of trees. 

Note.— In the second year a more sysU'inatic course may Is? followed, 
dealing fully with the <(uestion of growth, felling, seasoning, geographical 
distribution, and method of importation. These can only be sugge.sted in a 
limited form where each lesson is concerned. The teacher should map out 
his couioe at the beginning of each term and endeavour to carry out the work 
outlined for each class. 

Calculations.— 

1. Area of various surfaces. 

2. Volume of hole. 

3. Volume of material removed when making the tenoa 

4. Volume of complete model. • 

5. Simple problems on application of forces. 

8. Simple problems on the parallelogram of forces as applied to the gauge 
(see “ Gauging"). c 

• 

N.ite.— During the second year the,chapter on “Science” should be care¬ 
fully explained' and worktsl through, adopting in all ca^e yei^- simple 
examples and accompanying the same by experiments whenever possible. 

. Many very simple pieces of apparatus “Ban be devi'sed to demonstrate these 
experiments, but space .will not permit their dlscription here.' 
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EXERCISE II 

A LETTER RACK 

Exercises Involved. —Sawing and planing in hard wood. More difficult * 
example of marking out. Vertical chiaelling of flat and curved surfaces in 
lull’d wooil. Boring. Oluing. Nailing. Une of lyrasa round-headed acrewm 
lijilayed work. 

Instructions. — Drawing. —Prepare the viowa shown. Explain the 
principle of change of ground lino and method of projecting the front. 
PreiHire list of tools and material. 

Tools Required. —Ruler. Pencil. Panel saw. Jack plane. Try sipiar'c. 
(iiiuge. Marking knife. Compass. Brace and F’orstncr hits (various). 
Tenon saw. Firmer chisel. Berel. Bradawl. .Smoothing plane. Hammer. 
Small screwdriver. 

Material Required. —Selwted hard woods. This model looks well with 

a dark back piece and light fronts, such as 
black walnut and sycamore. Back and 
flllets, one piece 14 in. by 4J in. by in.; 
fronts, one piece 141 in. by 3| in. by j in.; 
nails, six j-in. oval wire or finishing pins; 
screws, six J-in. No. 4 brass round heads. 
Bench work.—S taoe.s.— 

1. Pi’epare material. . 

Note. —Tlic piece for the lawk and 

fillets is prepared in one piece. The piece 
for the fillets is gauged to width along one 
edge and beveljed, after which it is sawn 
off', and the cut edge planed. Fig. 267 will 
explain the process. 

2. MVrk out. Convex, curves that arc 

, to Ixj chiselled must be drawn OjlJy- Holes' 

that liave to Is) .'sired new! only have the centres marked. * 

3. Pre|>are fillet and saw off'. 

^ 4. Bore all holes. All Ixiring shouhi lie executcll before sawing olTwaste, 
this also applies to the screw holes in the fronts.4, ‘ 

6. Romvve waste and vertically chisel all curves. 
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6 . Clean off the back piece and attach bevelled Kllets in poeition by incauN 

of glue and ^-in. iiuiNhing pine. * 

7. Cleaji off the fi-onta and attach them to the back; this ahould not be 
attempted until the glue on the fillets ia (piite dry. 

8 . Remove the waste enil of fillets and clean off the .siilea of the model. 

Demonstrations. — 

1. Mcthotl of preparing the fillets to .snpjwt front. 

2. Chiselling curved tops, Imck and fronts. 

3. Cutting holes in faces of fronts. 

4. Cleaning off parts and fixing fillets. 

, 5. Attaching fronts to back. 

Lessons: Tools. —Principle of the, cutting action of Korstner bits. 

Extend previous leason on brace and other Uxils used. Leverage of brace 
(sec chapter on “Science”). 

Timbsr. —Question concerning wootls used. Compare and contrast same. 
Orowth of trees continued. 

Calculations.— 

3. Determine the area of the j-iii. holes. 

Rale. —Area of circle = diameter x diameter x '78.54 = IP X '7854. 

2. Find the volume of mntciial rcmoveil in boring the four holes in each 
front 

3. Determine the amount of material used by the class, in planking 9 in. 

wide. . . 

4. Find the cost of I'aeh miMiel. 

Wood A at ,rtl. per bait supi'r. 

Woo<l B at .vd. per f(s>t su|a'r, 

.5. Screws at xd. )M»r gi'oas. 

6 . Determine the interilal volume of a box large enough to contain one 
model. 

EXERCISE III 

• A TOWEL KOLI.EIt 

Exercises Involved.— .Sawing and long planing. Plangig to prismatic- 
and cylindrical Tform. Formation of mortis<!-and-tenon joints with framing 
and applvenlion of avdi/ini/. Vertical chiselling (a) of flat surfaces; ih) ciai- 
vex surfaces;’ (c) concave surfaces. Filing. Boring. Gluing. Cramping. 
Wedging. Use of screws. 
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Instructions. —Dkawino.—P repare a front elevation, plan, and end eleva¬ 
tion aw Hhown. The length iKsinjf considerably greater than the width the 
])rineiple of the centre break can again be explained and adopted,. 

Parts of the iruslel atTord excellent examples for more advanced exercises 
in isometric jinyection, i.i;. one of the brackets, a portion of tbe framing or “ 
a complete end view as shown in chapter on "Princi[>les of Projection". 

Complete the li.st of tools anil material. 

Tools Required,— Ruler. Pencil. Half-rip mw. .Jack iilane. Trying 
plane, 'fry .sijuare. Cange. Marking knife. Morti.se gauge. Mortise 
chisel. Tenon saw. Firmer chisel. Bow saw. (Jonge (scribing). Half- 
ronnd tile. Brace and centre bit. .Shell bit. Countersink. Smoothihg 
plane. Cramp. Hammer. .Screwdriver (large). 

Material Required. —Pine, poplar, or .satin walnut. 

For frame, two pieces .‘U in. by 1J in. by 1 in.; for roller, one piece 20 in. 
by I j in. by U in.; for brackets, one piece 9 in. by 3 in. by J in.; nails, four 
l in. tinishing pins; screws, four 1 j in No. 10; gla-sspajair; glue. 

Benchwork_ Sta(ie.s.— 

1. Prepare material. 

The frame .— 

2. Mark out position of mortises on the long rails and gauge same. 

3. Mark off shoulders on cross rails and gauge tenons. 

4. .Make mortises and tenons and fit them together. 

.5. .Set out ends of framing; cut and .shajH'. parts. 

f). Clean off inner edges of framing. Clue, cramp,'and wedge up. 

7. When dry, clean cut-off projecting wedges and tenon and clean off the 
surfaces. 

The brachete .— 

8 . Mark out as shown in sketch (tig. 268). 

9. Cut out bracket with bow .saw and pare back to the lines. 

10. Bo»e holes and make notch in right bracket for pin of roller. 

11. Cleap off and attacb to frame. ' • 

7V.C laller .— < *'**,. 

12 . Slit off shoulder lines on rectangular prism, and mark .size of pins on 
the ends. 

• 13. Cut to shoulder lines. 

Note.— il'his must be done before ..planing the roller to its cylindrical 
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fonn, in order to overcome the diffi¬ 
culty of cutting equare shoulders on 
the cylinder. , 

14. Plane to cylindrical form as 

in round ruler. * 

15. Complete pins on ends. 
Glosspaper and fit in position. 

Demonstrations.— 

1. Setting out the framing. 

Note.—T he opposite rails must 

be paired when setting out mortise 
and shoulder lines in order to enluro 
the frame being rectangular; the 
accompanying sketches (fig. 260) 
will explain thia 

2. Method of gluing—cramping 
and wedging. 

The tK|uarenes8 of the frame 
must be tested by measuring the 
length of the inner diagonals by 
means of a thin rod of wood, as 
.shown in diagram (fig. 270)—AC and 


BI) must be equal. Any ine<iuality can be adjusted by slight movements of 



the cramp. When the cramp is 
placed at a slight inclination to 
the sides of the frame it draws 
the framing to one side, thus 
varying the lengths of the dia- 
gdnala This must be attended 
to before driving in the wedges. 

The frames must be kept 
out of winding, i.e. the surfaces 
must be in thq same plana 
This can be assurej^by Iboking 
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across the frkme.'the eye being 


in fine with the surface. 


3. Setting out, cutting, and fixing brackets,in position. • 

To fi;j. the brackets to the fraiiq;, proceed as follows: Draw the centre 
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lines along and across the short rails; bore holes for the screws and mark pin 

l)oles as shown in fig. 271. Next proc^ to draw the centre line on the 

back surface of each bracket, and, mea- 

suring from the centre point, mark the 

corresponding position of screw holes 

and pins. Now the heads otf the 

finishing pins and drive into the 

centre marks, as shown in sketch, leav- 

ing them protruding about g in. Prick 

holes into the framing as indicated, then 

place the bracket in position 

frame, when will be held central 

position and the work can be turned 

over and the screws inseifod from the 

back the 

4. Method of 
on 

Lessons: Tools. —Compare con- 
trast firmer chisels with gouges; cramp 
application of "Screw 
See chapter on “Science”. 

Compare and contrast 

screws, and action of screw. See lesson Kig, *n 

on "Screws”. 

Timber.— Growth of trees continued, and felling. Material used in 
making model. 

Csleulations.— 

1. Find the area of a faSe of one of the brackets. 

2. Find the volume of a bracket, not taking into account the hola 

3. Find the area of the roller, not including the ends. 

4. Find the volume of the rolld7, not including the pins. 

5. Finjl 4he approximate weight of the model. 

“ ‘ ■* rtain the approximate cost of the model 
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EXERCISE IV 
A SIMPLE INKSTAND 

ExsfcIbm Involved. —Marking out and sawing from the plank. Planing 
to dimensions. Marking out Sawing. Paring large surface. Boring. 
Fluting with gouge. Chamfering with chisel and plane. End-grain planing. 

Instructions. — Drawing. —Prepare a plan, side elevation, and section as 
shown. 

Complete usual list of tools and material. 

Tools Required. —Ruler. Pencil. Half-rip saw. Jock plane. Try squar^. 
Oauge. Marking knife. Compass. Tenon saw. Firmer chisel, 1-in. Brace 
and li-in. centre bit. 1-in. firmer gauge. Smoothing plane. 

Materiel Required. —Pine or poplar, 1 piece 14 in. by 2} in. by If in. 
Benohwork.—S taobs.— 

1. Prepare material and mark out work. 

2. Saw and chisel the base. 

3. Make the flute. 

4. Bore the holes. 

5. Chamfer the ends and edges. 

6 . Clean olf surfaces and ends. 

Demonstrations.— 

1. Cutting and chiselling recess in bottom. (See.chapter on "Chiselling 
Processes”.) 

2. Method of forming flute. 

Lessons: Timber. —Material used for exorcise. Felling and seasoning 
(natural method). • 

Tools. —The firmer gouge. Compare and contrast with other forms of 
chisels. • 

Note.—^ xplain the advantages of a blflck plane for end-grain planing os 
compared with a plane having the ordinary “pitch”. 

Calculations.— * 

, ^ 1. Find the area of the top surface. 

, 2. Find the area of one of the sides. < 

3. Find the volume vf wood removed in forming the under ricess. 

, 4. Find ihe volume of each hole. . 
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6. Find the volume of the complete model, including chamfers, but neglect¬ 
ing the flute. 

fl. Determine the amount of material re<|uired for a class of twenty, boys 
to make thi.s morlel. Ascertain the cost of same at scd. per foot super, of 
li-iii plank. 

EXERCISE V 
A BOOKSHELF 

Exercises Involved. —Marking out and sawing from the plank. Planing 
to dimensions. More difficult example in marking out. fiow sawing. Spoke¬ 
shaving. Vertical chiselling (flat and curved). Stopped grooving. Boriag. 
RftxUhig. Nailing. Screwing. 

Instructions. —Drawino.—P repare the views shown. This nuslel affords 
an advanced exercise in isometric projection. Complete the list of tools and 
materiaL 

Tools Required. —Ruler. Pencil Panel saw. Jack plane. Trying plane. 
Try square. Gauge. Marking knife. Compass. Tenon saw. Bow saw. 
Spokeshave. Chisels (various). Gouge (scribing). Mallet. Side fillister. 
Brace and j-in. centre bit Bradawl Smo(R.hing plane. Hammer. Screw¬ 
driver. 

Material Required. —This model may be mode of pine, poplar, satin 
walnut, black walnut, mahogany, or teak. The shelf may be made of pine 
or poplar, having the front edge faced with hard wood, in keeping with the 
sides. Sides, one piece 20 in. by in. by .ff in.; ^elf, one piece 24 in. by 
0 in. by .,'1. in.; hanging pieces, one piece 26 in. by 2^ in. by .|V in.; nails, 
fourteen l-in. oval wire or finishing; screws, four j-in. No. 6; glue. 

Boichwortt.— Staoxs.— 

1. Prepare all material . 

2. Prepare sides and mark out 

NoTE^The side pieces are cut out and glued tc^ther, with a piece of 
'paper between them, as shown (fig. 274).* In this way thp cun’es of both 
ptecM are rampleted simultaneously, the grooves and rebates be mode; 
• after which th^ pieces are easily sepaikted by splitting the paperj^ th^y are 
then ready for cleaning off" and fixing to the shelf. ' 

* « , 

. 8. Complete stopped groovea • 

4. Saw, spokesliave, and chisel all curves, ffinishing with 'file and gloss- 
’ , pa|>er. • 
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5. Prepare reDates for hanging filletfi; separate the parts and clean oft * 

6 . Prepare shelf and clean oft. 

7. Prepare the hanging pieces. * 

H. Nail sides to shelf, applying a little glue to the ends. Ndif hanging 
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pieces to sides. Screw hanging pieces to shelf, being careful to square shelf 
and hanging piece before inserting the screws. 

Demonstrations.— 

1. Method of gluing side pieces together, and marking out. 

2. Use of side flllister for forming rebatea ^ 

3. Method of fixing parts together. 

Note. —If the front edge of the shelf is to be faced with hard wood, it will 
be neceasaiy to demonstrate the method of making the joint and gluing it 
together. , 

LMSOns: Tools. —The fillister, parts and use of each. General question¬ 
ing concerning tools used. Glue—brief outline of process of manufacture. 
, Grinding', with reference to mechanical application of levers, &c. (simple form). 

Umbei^—Seasoning (artificial methixfsX' Descriptive lesson on the pai;- 
Acular timber used in making the modqj; if of hard wood, compace yrjth^other 
kinds for porosity, density, weight, colour, odour, toughness., • 

Csloulations.— 

1 . determine the quantity of material retj^red by a class of * boys in 
making the model. 
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• 2. Determine the cost of the material at standard rates. 

3. Find the cost of the model, including time and material. 


1 

1 

Cost of timber . 

1 

Cost of nails, screws, glue . 

I 

Cost of labour: .r hours at yd. per hour 

1 

Total . 



4 Deteriiiine the size of a case to hold six niislels conveniently packed. 

5. Determine the size of a case to holil six models, the paits not heing 
fixed together. 

C. Whaf saving in space and material will be efi’ected by adopting the 
latter method? 


EXERCISE VI 
AN INLAIO EAMPSTAND 

Exercises Involved. —Marking out and sawing from the plank. Planing 
to dimension. Butt joinlhig. Marking out work. Setting and using l/evel. 
Using of router. Inlaying (careful fitting). 

Instructions. —Draw'IN'O.—P repare plan and sectional elevation. Com¬ 
plete list«of tools and snaterial. 

Tools Required.— Ruler. Pencil. Panel saw. Jack plane. Trying plane. 
Try square. Gauge. Marking knife. Compass. Tenon saw. Brace and 
Centro bits (various sizes). Mallet. Chiwds (various). Banter. Bevel. Besich 
holdfast. Hammer. Smoothing plane. 

Material Required.— The base may be made of any suitable bard wood, 
and the inlay of coloured woods which contrast with the base and each other. 
The base of,black walnut, with in]ays of sycamore and mahogany,looks weU. 

Base, one ptece (kind) 9 iil. by 8J in. by 1 in.; inlay, one apiece (kiqcl) 
15 ip. W 1* in. by f in.; inlay, one piece (kind) 15 in. by Ij in. by i»in. . 
BencJiwprk*—STAOESi.— 

1 . J(^nt strips for inlay an<l lay aside to dry, 

•2. PTOpare.ba.se and mark^ out octagon. 

3 . Cut and fit together pieces of inJay, and glue to*a sheet of paper. 
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4. R^iove paper from inlay, clean off edges, lay in position on base, and 
mark position of recess; cut out recess, and glue inlay in position. 
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* 6 Cut out oetiffm, plane edges, mark out and make chamfers, 

6 . Clean olf surfaces, 

Demimtntions.— 

1. Method of jointing inlay. 

• 2. Method of fitting inlay together, the stages of which are indicated in 

figi 276-277. 

3. Method of making recess and fixing inlay. 
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Notk.—T he bulk of the material is easily removed by boring a number of 
holes with centre bits of various sizes; this is followed by chiselling and use 
of router. For cleaning out the acute comers a chisel ground "very thin” and 
used sideways is essential. 

iMSOnh: tools. —Th*e bevel, and method of setting to various aiigles. The 
router, parts and varied use. Bench holdfast, explain jairts and nieclianical 
principles involved. 

Umbor.— Woods used and geographical position. Seasoning—aitificial 

methods continued. 01ue-*further details on method of manufacture. 

Caloulattons.— 

1. Determine the amount of 1-in. plank, of suitable width, reqi^red by a 
class of X bdys lor making the ^fldel. 

2. Determine the amount of planking of each kind required foi' the iidaj'» 

a Xs^rtain the cost of such material at standard rates. . 

4 . Comp&re fhe volume of the piece supplied for the l>ase with the volume 

of the complete model, and determine jhe amount of waste. ^ 

6 . How nutny cubic feet vf timber are contained in a log of wood 12 ft. ' 
long, having a sectional area 9 in. by ^ in.? 
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I 

6 . Determine the weight of the foregoing log, having found by experiment 
the weight of a superficial foot 1 in. thick. 

Note. —Apply this to the particular wood used in making the mo^el. 

EXERCISE VII 
A BREAD BOARD 

Exercises Involved.— Marking out and sawing from the plank. Planing 
to dimensions. Marking oui of ellipse and determining normals and tan¬ 
gents. Use of compass saw. Bow sawing. More difficult example in spoke- 
shaving. Carved chamfering. Cleaning off. , 

Instructions.— Drawing. —Draw plan, part end elevation, and section. 

Note, —The working details, as shown in the accompanying plate, will not 
be drawn; they should, however, be very carefully explained. The terms as 
applying to the ellipse should be thoroughly taught. 

To an advanced class a simple explanation of the conic section may be 
given. 

Complete list of tools and material. 

Tools Required.— Ruler. Pencil. Half-rip saw. Panel saw. Try squai-e. 
(iauge. Marking knife. Compass saw. Bow saw. Spokeshave. File. 
Firmer chisel. Smoothing plane. Bench holdfast. 

Material Required. —Pine, poplar, hickory, or lime; one piece, 14 in. by 

in. by 1 in. 

Renchwork.—STAOE.S.— 

1. Prepare material. 

2. Mark out, using pins and thread os shown. 

8 . Cut the side curves with a bow saw, and finish with spokeshave, chisel, 
and file. , 

4. Cut the horns and plane the cut surface. 

, 5. Mark out chamfers, using pencil and thumb gauge as shown. 

. 6. Chdmfer the curves, using spokeshav^ and chisel. 

7. Chauyfer horns and clean off surfaces with smoothing plane. 

dhmonstraUons.— ” 

1. Method of marking out ellipse and setting out horna * 

* < 2. lyiethod of using the compass saw.^ • 

‘ 3. Method of working curved chamfers. (S^ chapter on “ Chiselling Pro¬ 

cesses ”.) 
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Lessons: T^I^. —The compa^ saw, and comparison with other kinda 
Further details on spokeshave, and uses to which applied. The bench hold¬ 
fast. ' * 

Timber. —Notes on the particular wood used. Methods of converting, 
logs: mlvantagos and disadvantages of each. 

Calculations.— 

1. Find the area of the ellipse. 

Rule. —Area *3 Major axis x Minor axis X 7864. 

2. Find the volume of the elliptical base. 

.3, Determine the length of the outer edga ' (Use a piece of string.) * 

■1. Find the number of models that can be made from a plank 15 ft long 
and 14 in. wide. 

Note. —The grain of the wood to run in the direction of the major axis. 

6 Ompsre the area of the face of the dnished model with the area of the 
piece of wi^ supplied, and ascertain the amount of waste entailed in making 
the model. 

6. Determine the cost of the material used in making x models at yd. per 
l<K>t super., and And the relative costs of finished model and waste. 

Note. —Substitute values for x and y. 

EXERCISE VIII . 

.4N OXFORD PICTURE FRAME 

Exercises Involved. —Marking out and sawing from the plank. Planing 
to dimensions. Setting out work. Application ,of half-lapp^ jcnnta For- 
malinn of flopped rthatts with chieel. ^amfering with and acroes the grain. 
Sfopptd chamfering. 

. Instrliotions. — Dkawino. —Prepare tlys views shown. Explain the sec¬ 
tions by the aid of a model cut to the various section lines, (complete the 
fists» )f tools and material. ■ ' , . , 

Tools Required. —Ruler. Pencil. Half-rip saw. Jack plan*. Trying 
.pjane. Try square. Gauge. Marking knife. Tenon saw. Firmer chisel, 

, . J-ia a^d J-in. or 1-in. Cutting gauge. Mallet. Smoothing^ plane. 

Mat^sls Required. —Satin walnut, black walnut, or teak; one piece 
' . (length) hjl 1 in. by J in.; 1 piece (length) by 1 in. by | in. 




Kiff. 879 






SMorss 


304 PBACTlOiL WORK, 

Note.— The dimensions of the frame can be varied echdlars who posspss 
a certificate might make the frame in keeping witK'ihfi dimensions of snah 
certificate, , ^ 

•• Benchwort—araoKs.— 

1. Prepare material. 

2. Mark out joints and chamfers; cut and fit half-lapped Joints. 

3. Whilst frame is together, gauge the rebates. Chisel rebates. (See 
chapter on “Chiselling Processes”.') 

4. Work all chamfers. 

5. Clean all inner edges, glue the joints, and clean off surfaces. 

Demonitrations.— 

1 . Method of marking out Joints and chamfers. 

2. Gauging and chiselling rebates. 

3. Formation of stopped chamfers. 

Lasaons: Tools. —General review of tools used, advancing each a stage. 

Timber.—Description of wood used. Defects in timber. . ^ , 

Calculations.— 

1. Compare the volume of the rough material supplied for the exercise 
with the volume of material when planed. 

2. Determine the volume of material removed in forming the rebates. 

3. Find the area of the glass required, and express same as the fraction 
of a square foot. 

4. Determine the total length of the chamfers. ' * 

6 . Find the volume of the material icmoved in forming the chamfers. 

6 . Determine the total volume of the finished model 

EXERCISE IX 
A CORNER BRACKET 

c 

Exercises Involved. —Marking out and sifwing from the ’plank. Planing* 
large'surfaces. More diflicult exeicise irr marking out curved work. cStopped 
grooving. Bow’ sawing. Spokeshaving. Vertical chiselling of' flat and 
curved surfaces. Stopped ehiselling of curved surfaces. Nailing. SciTiwing. 

. * Inst'rtlCtlons.— Drawing. —Prepare ft plan and elevation as shown. Ex¬ 

plain tangent curves and method of finding centres. Complete list of tools 
' • and inateriftl. *' 
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Tools Roqulrod. —KhIit. Pencil. Panel .saw. Jack plane. Try fKjuare. 

• iaiijfc. Markiti); knife. (ioinjksH. Mallet. Firmer elii.sel. Bow saw. 
Pud mm’. .Sjmkeshave. Routiw. Beneli holdfast. Smoothing plij,nc. Brad¬ 
awl. Screwdriver. Hammei'. 

Material Required. — Pine. Poplar. Satin walnut. Black walnut.* 
(ledar or mahogany. One |)iece !U in. by in. by J in. * 

Benchwork. Sr auks. 

1. Prepare material ami mark out a.s shown in figure. 

2 . < Hue together the pieces for the sides, having layer of paper between, 
and mark out curves and groijve.s. 

H. (Jut and form stoppeil grmives. ^ 

-i. Saw, 8poke.shave, chisel, tile, and glasspaper curved edges. 

Note. —Care must te taken when glasspapering the curves to keep the 
surface sejuaro with the face. Scholars have a great tendency to roll the 
glasspaiHU-ing stick ami thus pissluce unsightly curvature in both directiona 

.5. Prejiaro the shelf. 

(i. Boilnce (he width of one of the side pieces by an amount eipial to the 
thickness of the material in m-der to Imlance the sides. Clean off, (it, and 
fix the parts together. 

Demonstration. —MetluHl of finishing the curves with tlu‘ chisel in places 
where the spokeshavo cannot Ije u.sed. 

Lessons: Tools. —The pad saw, parts and uses. Further notes on tools 
in general use. • • 

Timber. —Description of timla-r used. l)iy rot in t’lnbcr—cau.se and 
prevention. 

Caloulatlons.— 

I. Find the cost of material used at standaisl j'atc. 

2. Find the area of the shelf. 

• Find the volume of the shelf. 

•t. Find the area of the side pieces. , 

. Note.— Obtain some s(|uared pajs-r, i.e. paper dividen in inches with * 
eighths or tei^ths. Lay each side piefo on the pajicr and mark rpnnd outer 
edge, then count the squares, thus determining the area < » * 

5.*ralculate the volume of the complete nimlel.* 

(i. Determine the .volume of a box, made of j-in. inateriAl, that will just 
contain oae mcslcl, • 
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EXERCISE X 

A FOOTSTOOL 

Exercises Involved.— Marking I>iit and Nawin;; material from the plank. 
Plaiiin;' to dimeiiKions—large surfacea. Marking out work. Formation of 
bridle joint. Bow sawing and spokesliaving. Mortising. Tenon catting. 
Eilgo rounding. Gluing and diagmial tvedging. More difficult example of 
building up and cleaning off. 

Instructions. — Drawino. —Prepare side and end elevations and paii plan, 
ns shown. The details of construction may be shown in isometric projectiop. 
Complete the lists of tools and material. 

Tools Required. —Ruler. Pencil. Half-rip saw. Panel saw. Jack plane. 
Trying plane. Try s<piare, in. and 101 in. Gauge. Marking knife. 
Tenon saw. Bow saw. Spokeshave. Mallet. Chisels (various). Hammer. 
Smoothing plane. 

Material Required. —Pine or jxjplar is suitable for this model; for the top, 
one piece 16 in. by lOJ in. by | in.; for the legs, one piece 17 in. by 8i in. by 
{ in.; for the rail, one piece 16 in. by 2^ in. by | in. 

Bench work. —St ao e.s.— 

1. Prepare material. 

2. Mark out all work. 

3. Cut and shape legs. 

4. Cut, shape, and 6t rail to legs. 

.5. Mortise top and fit to legs, cut to length, clean ends and round edges. 

6 . Make cuts in tenons for we<lge8, clean all .surfaces, glue and wedge 
together. 

Demonstrations. — 

‘ 1. Mc^iod of marking out legs and cutting tenons. 

2. Method of marking mortises in top. « 

, :l MetHbd of gluing together. 

. ' Kfxplain principle of wedging and reftson for diagonal arrangeftient.* • 

Lessons: Tools. —The half-rip saw. Comparo with other saws—reason 

• for lar^' teeth—pitch of U-eth and amount of sot. 

Timber. —Question, concerning timb<-r Methods of preserving 

• timber—in damp situations; (b) iir dry situations. 
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Calculations.— 

1 . Find the area of the top surface. * 

2 . Uulpulate the vuhiiiie of the vail. 

3 Find the area of one of the laiye faces of a leg. 

Ni»TK.—A rea of curved rece.sse.s to Is- foun<l hy u.sing srjuared paper. 

4. Calculate the volume of material in each leg. 

5. Determine the cost of the material uswl in making twelve st<K)ls. 

(5. Compare the hjtal vohime of the material UHe<l with the volume of a 
Ikix that shall ju.st contain the mo<lel. 

» Rkmark. —Thu top of the stool looks well if inlaid with some simple 
design. The teacher must use di.scretion in thi.s matter. Any apt pupil 
may be allowed to carry out such inlaying, and original designs for such 
should be encouraged. 


EXERCLSK XI 

A MIltItOR FIIAME 

Exercises Involved. —Marking and .sawing from the plank. Planing to 
dimensions. More complicattHl example in marking-out work. Slopped 
moHimng. Tenon cutting. Cuttimj shoulders in voryiwj ploiies. Re- 
Imting. Boring. Bow' sawing. Spokeshaving. Vertical chiselling (flat and 
curved sprfaces). Stopped dovetailed grooving. Chamfei-ing. Gluing and 
cramping. Nailing. Screwing. 

Instructions. — Dhawino. —Prepare fi-ont elevation, sectional elevation, 
part side elevation as shown, and aihl a plan. A working detail of any of 
the ]>arts may be drawn in isometric projection. Complete lists of tools and 
material. 

Tools Required. —Ruler. Pencil. Half-rip saw. Panel saw. .Tack plane. 
Trying plane. Try square. Gauge. Marking knife. Mortise gaufje. Morlise 
chisel. Mallet.* Tenon saw. »Si(le fillister or nodi jilliHler. Helmte 'jilone. 
Brace and JTorstner bits. Bow saw^ Spokesliaxc. Firmer chisel. SgiooMi- 
ing platfa Broflawl. Hammer. Brad punch. .Screwdiiver. ’ ' 

Material R^uired. —Satin walnut or black walnut, two pieces 251 in. 
by in. by 1 in.; one*piec<j 23 itw by 3j in. by | in.; one piece^'tT in.'by, 
1} in. by j in?; screws, four 4J-in. No. 8; nails, six 1-ip. oval wire; glue; glass- 
paper. 


• s^orss 






Ben 9 h york.— s-*a( i bs. — 

1. Vreparn matorlHl. 

out rails au<l stiles (pair eacliV Osuge mortises and tenons. Make 
mortises and rut ten'oVi.s. ., 

, » fc “ 
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• Notes.— 

(«) The Mhonfders inURt not Ik* cut until the reliatiu}; ie pompleteil. 

(I>) In settinjr out tl\e mils niul stilfs allowance iimst be made for the 
nount tnat will !«• icluitcil oH the width of the picce.s. See sketch (tij;. 283}. 
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3. Rebate stiles and rails. Cut shouhleia on rails and fit together. 

4. Clean inner edges, glue and cramp together. When dry, clean off 

surfaces. Mark out h)p, cut and pare same. » . ^ 

5. Prepare pe<liment and nj^oi^ ami fix in position by means of brmla 

6. Prepare shelf and supports. Clean off and glue together 

V. Bore screw holes ami fix shelf and snpisnts to fram*. . 

« • 

Demonstrations.— . 

1. Method of marking on^ and making stopperl mortisea 

2. Method of relwting pieces. 
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PRACTICAL WORK 
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H. (ihiiiij;, Crttinpiii<{. .S<|Uiirin;; and cleaning off fraiiie. 

4. Koi ination of Htopped dovetail grooves for shelf supports. 

5. Fixing apron, |M‘dinient, and shelf. 

Lessons: Tools. --Sash fillister, if used. Kxplain parts and use of each. 

Mcn-tise gauge; further reinark.s. 

Timber. -Fui'ther notes on methods of preservation. (Question concern¬ 
ing the particidar kirul of wood used, turtlier notes on nails. Screws, 
(line. 

Calculations.— 

I. Find the \'oluino of the top rail. 

2. Find the voluinc of one stile. 

:i. Finil the area of the pediment.1 

4. F'ind the area of the apron. >U.so s(]uoml paper. 

r>. Find the area of one support, j 

t). netenuine the cost of the material consumed. 

EXKRCISK XII 
A WOOnKN SPOO.X 

Exercises Involved. —Marking out and sawing from the plank. Planing 
to ilimensions. Marking out work. Bow sawing. Sjs^keshaving. Surface 
inieUUiruj of concave and convex surfaces. Filing and glasspapering. 

Instructions. —Drawi.so.—P repare a plan, side elevation, and sections as 
shown. Flxplain (a) the method of finding the centre of a curve, having given 
the length of the choi-d and pitch of the are; (6) tangent arcs which envelop 
one another. 

Complete list of tools and material. 

Tools Required. —Ruler. Pencil. Panel sa*v. Try square. Gauge. 
Marking knife. Compa.sa. Bow saw. .S]X)keshnve. Firmer chisel, 1-in. 
Caj-ving gouge. Files unth safe edge. 

. Material Required. —Lime or birch, one,piece 13 in. by 2} in. by J in. 
Benchwprk.—STAOK.S.— 

. 1. 'Prepare ami mark out material. "■ 

2. Saw and shape to outline. 

■«:!. Gouge interior and mould exterior ol sjXHin. 

4. sfijip«> and finish handle. ' 

5. GlassjMiiX'r all surfaces. 



1%^ CL ^Mcc'dciL - 

(^i 
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PRACTICAL WORK 


Demonstration.— 

Methcxl of iiuxlelliiig HUi'faceN. 

Lessons: Tools. —Filen. Uenerai outline of method of manttfactui-e. 
Names of {uirts. Use of safe edge. 

Material. —Brief rt^sum^ of various lessons given throughout the year. 

Calculations.— 

Find the volume of the completed spoon. 

Note. —This cannot be conveniently worked as in previous examples. It 
will prove very instructive and useful to the scholars if the following methods 
are demonstrated:— 

(u) Having planed the piece of wood ready for marking out, calculate its 
volume and carefully weigh the piece and recoitl the weight. When thV 
iiuslel is complete, weigh it and compare the weight of the tinished article 
with the weight of the piece from which it was made, and in this way 
ascertain the volume. This can l)e e.xpressed in terms of their ratio as 
follows:— 

As the weight of the original piece A is to the volume of the original 
piece B, so is the weight of the finished article C to the volume of the 
finished article X. 

A:B::C:X 

(6) By dUplacmnenl .—Obtain the loan of a graduated flask. Partly fill 
with water, and note the volume of same. Sink the spoon in the water, 
ana note rise in level. The difference in volume represents the volume of 
the sp<x>n. ' • 

Note. —If a sinker be used, its volume must be calculated and allowed for. 
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KXERCISK I 

A SIMPLE DOVETAILED JOINT 

Exercises Involved. —Marking out and .sawing t'i'oiii tliu plank. Planing 
to dimen-sion.*!. Markinjj out. Splay aawinj;. Sliouldtu' ciittinj;. Clearing 
of (dot. Accurate fittinj;. Cleaninjt oH. 

Instructions. —Dk.wvino.—A llow the 8cholar.s to measure the tenehiiifc 
model and ascertain tin' dinien.sions of the [Mirts. 

Note. — ft provides an e.xeellent trainiii}; in th<( tliird-year course to make 
tile .scholars pre|)are freehand sketches of the exeifi.Hes to lx> worked, and 
write upon them all th(! dimensions. Fiom these sketches the scholars 
should proceed to e.\ecHte their iinislusi drawing. 

Prepare (a) plan, front and side elevation; (6) isometric projection (open 
or closed). Complete list of tools and material. 

Tools * Hequired. — feuler. Pencil. Half-rip saw. Jack plane. Try 
square. Gauge. Marking knife. Tenon saw. Firmer chisel, J-in. Mallet. 
Smoothing plane. (How mw.) 

Material Required _One piece of poplar or pine 12 in. hy 2J in. by 1 in 

Benohwork .STA(i es. — 

1. Prepare material. 

2. Mark off the length of each piece. 

3. Mark and, line cff .slot wijh (pencil, ami set out slot. 

4. Mark shoulder line of pin (cut line). 

.1. Oet^ tfie sides of the slots but d^ not remove the waste._ ■■ , 

6. Fix' the piece which is to carry the pin in the vice, and on it lay the 
piece which contains the* slot The ^correct position of the pm caq jtheit'be 
marked with 4he tip of the ^non saw, os indicaterl in accompanying figure’ 
(280). 
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' 7. Remove waste from slot. This can bo Hccomplishod in various waya 
(rt) By mortiiung (fig. 287). 

Qf) ^ Iwring a centre-bit hole and cbi.Molling back to Uie line (fig. 288). 



riK. an 


(c) By cutting out main portion of the waste with the aiil of a Isiw saw. 
afterwards chiselling luu-k to the line (tig. 28!)). 

8 Cut.pin. 



Fig. an 


* Note. —First saw doan the grain sipiare with the shoulder lincj (Iite 
should be taken to keep thp kerf just to the outside of the marks made* 
by the tip of the saw when marking out the pin. (See fig. 280.) 
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PBACTICAL WORK 
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!). Cut the hIiuuIJi-i's and alightly cliaiiifer the e<lj{es of the pin. 
10. Kit t<>x<‘thpr, remove waste end, and clean off surfaces., 



►'lit. aw Kin. oe • 


Demonstrations. ~ 

Note. —This being the tiret exercise in dovetailing (box form), care should 
be taken to explain carefully every detail connected with the pi-oce.ss. 

1. Method of marking nut and sawing slot. 

2. Method of marking pin. 

3. Removing waste from slot. 

4. Cutting pin. 

3. Fitting together and cleaning off. 

Lessons: Timber.— 

Note. —In this course the teacher should aim at reviewing the previous 
lessons, going more into detail with each. • 

Oermination of seeds. Conditions necessary. Use of cotyledons. 
Fiwiction of roots. Transmission of sap to and from the leaves. Function of 
K'aves. Blist fibres. Cambium layer. Medullary rays. 

Tools. -»-Tho tenon saw—special shape of teeth and ioa.son for same' 
MVth<<l of setting and sharpening. • ‘ ‘ • 

Calculstionk. —.Simple problems on mens ami volume ‘as .in previous 
examples. , 

• Determine, grnphirally, the horizontal and vyrtical componwiU of a force 
of 15 lb. applied to thtf handle of a tenon saw as in diagram (fig. 200). 
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EXERCISE II 
A HAT RAIL 

ExflrciMS Involved. —Marking out ami sawing from the plank. Ix)ng 
planing. Marking out (tangent circles—envciojnng). Mortising. Chamfering 
with plane. Curved chamfering with chisel. Ornamental cutting and 
shaping. Gluing and wedging. 

Instrfiotions. — Drawing. —Allow scholars to examine the teaching model 
and prepare a rough working sketch, then proceed to execute the three views 
shown. 

Note.—I t is unnecessary to draw the complete model. All the cletail is 
contained in one end, but tl. statement must be included showing the number 
of pegs and the distance between the centres. 

This model would afford an advanced exercise in isometric proj^<;tion. • 

Complete the list of tools and%naterial. * 

Tools Required. —Ruler. Pencil. Half-rip saw. Jack plane. Tryjpg 
plane, ^ry square. Gauge. Marking knife. Compass. Bow saw. •Tecop 
saw. Firmer thiscls (various). Brace and |-in. centre Sit. Spokeshave. 
Mallet. File. Hammer» .Smoothing plane. ^ ^ • 

Materiel dtequfred. —Tlys modcT should in most cases be made of hard • 
wood, as oak, black walnut, satin walnut, ash. 
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PRACTICAL WORK 



Flu. m 

9 

One piece for the beck 2 ft. 10 iu. by -1} in. by | in.; one piece for the 
1.5 wi. by 2J in. by i in.; jjliiHMpaj)er and glue. 

‘ Benchwork.— ST.\(iF..s.— « 

,1. Preparts niiiterial. 

, *2. ^lark outline of Iwiek and iiiortisoa * 

.’t. ('ill and ahapo Imck. 

•<. 5Iip;k out and ehanirer Imek. 

;j. Mark out. cut, and .shaja- jieg.*!. 

6. Clean surfacca; tit'and glue pegf 
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*NoTE.—T lxe mortises should be made slightly larger at the back, and the 
)Sga fixed in position by means of diagonal wedges. 

Demanstrations. — 

1. Methorl of marking out the curved end.s. 

2. Making the mortises. 

Note. —F*or making mortises of this character a hole should first be bored, 
using a centre bit. The sides and ends can then be s<|uartd with a chisel. 

3. Shaping the pegs. 

4. Cleaning ott' and finishing. 

• Lessons; Timber. —Time, foi- felling. Methods adopted in different 
countries. Method of bringing timber to the various ports. Importance of 
rivers. 

Tools. —Question concerning tiKils used. 

SflWS. —Demonstiation on method of setting and sharpening. 

Calculations. —Determine by exix'riment (a) the amount of tension set up 
in the blade of a liow saw; (6) the amount of compression in the centre beam 
of the bow saw. (See chapter on “Science in Manual Training .) 


K.XEROISK III 

A COMMON HO.X l)OVKT,\ILKD JOINT 

Exercises Involved.— Marking (Uit and sawing from the plank. Planing 
to dimensions. Marking out—use of Ixvel, Accurate sawing and fitting. 

Instructions.— DllAWiXd.—PreiMire either (it) an isometric projection ns 
•shown, or (ft) three vi(!ws in orthographic i)rojection. 

Oojnplete the list of t(K)Is and mab*rial. 

Tools Required.— Huler. Pencil. Half-rip saw. Panel saw. Jack plane. 
Try stiuarc. Oauge. Marking knife. Bevel. Tenon saw. B.V.v saw., 
.'Firmer chisels (v;ariousy MalleV •Snusitliing plane. ^ 

’ Material Required. —Pine or po))lar; one piece 12 in. by dj in. by | ijj. 

. BenoWsork.—STAiiKs.-- 
,1. PrepArS mat<‘rial. 

2. Mark off shoulder lines. . 

(It is advisaUe to use pencil for this.) 

3. Mark out and cut pins. • 

(rM«) 



6.H (/ifti( (J (^cm inAn OciHf<u( aJ jrinC. 
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Note. —In tin? previous exciei.'M’ on dm (‘tailing tin- fdot wun Hi st suwn 
and tVu pin mailed frutii the alot; thiH metlnxl is suitable when only one pin 
hae to DS tut. When there is a number of pins it is usual to cut the pins 
.Hint; when these are completed they are rested in jxisition on the piece which 
»is to carry the slots, and the positions of the slots are then marked either 
with a shai'p |)encil or a scribin;; point. This methixl enables the opi'rator 
to observe more clearly whether the pieces are in correct relative position. 

The previous method can of course bo adopted it desirable. When similar 
pieces are being dovetailed, they are often cramped together and all slots cut 
at once. When this is done it is clear that the slots must first bo cut and the 
pins marked from them as described. 

■I. Mark out and cut slots. 

5. Fit together and clean off. 

Demonstration.— 

If Marking out and cutting pins. 

Note.— For removing the wasUi between the pins it is mueh quicker and 
more, convenient to use a bow saw. The cut can Ix" made very close to the 
shoulder line, thus enabling the shoulder to Ih“ finished by the aid ot a fine 
paring cut. When the waste is removed by mortising, there is a tendency 
for the material to bui-st out at the centre. Also with licginners there is a 
tendency to chiwd the shoulder very hollow, thus presenting a goisl fit on the 
surface whilst inside it is hollow. This constitues bad workmanshii). 

2. Marking out and cutting slots. 

3. Fitting together and cleaning off. 

Lasaons: Timbar. —Conversion of timlwr frtan log to plank. How accom¬ 
plished. Methods of distribution to the various markets, t'hief timljer ports. 

Tools.— Tlie brace. Determine cxiferimentally the force that must he 
exerted on the emuk of the brace to bore holes of varying sixes in any given 

material. t i * 

Tlfis can be approximately gaiiHpd by means ot a sprifig Ijalancc. 

Process.—Borb a hole in a piece of wood, and note carefully the amount 
of eflbrtf v-qilired. Next attach one esd of a spring Ixilance to the craAk vf _ 
the brace, ihf otber end Iwiiig atUched to a rigid beam. Ndw pfdl on the 
crank of the brace, lieing qprefid to exert a force similar to that applied w^> 
boring the hole A secon<l operator’ean take the readings on the spring ’ 
balance. The experiment shmdd be repented three o.' four times, and the 
mean reading taken. 
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EXERCISE IV 

A XAIL KOX 

^ ExerctSSS Involved. —Markinj; out arid sawing from tlio plank. Planing 
t(/ dimensions. Stopped grooving. Dovetailing. Shaping with Ik>w siiw and 
spokeshavo. Boring and shaping, (lining. S<Tewing. Nailing. 

Instructions. —Dkawixg.—P repare a plan, .side elevation, ami end eleva¬ 
tion as shown. 

Note.—T his could be drawn to .sejile, half or three-f|niirter full siz<-. 

•Complete the list of tools and material. 

Tools Required. —Rule. Pencil. Panel saw. Jack plane. Trying plane. 
Try s<juaru. Gauge. Marking knife. Tenon saw. Bow wvw. Firmer ohistds 
(various). Spokeshaves (iron and wood). Bruce ami 1-in. centre bit. Mallet. 
Rout^. Smoothing plane. Bradawl. Hammer. Nail punch. Screwdrivi-r. 

Material Required. —American white pine t)r poplar; two pieces (each for 
one side and one end) 23 in. by 2J in, by J in.; one piece (cer.tre ]>artilion) 
14 in. by 4i in. by i in.; one piece (small cross partitions) Iti in. by 2} in. by 
J in.; one piece (bottom) 14 in. by 8} in. by 1 in.; nails, eight 1-in. oval wire; 
screws, ten J-in. No. 6; glasspapcr; glue. 

Benchwork, —Stages.— 

1. Prepare all material. 

2. Mark out ends and,cut pins and gi’ooves. 

3. Marie out sides and cut .slots and stopptsi grooves. 

4. Mark out, cut, and shape centre jsirtition. 

5. Mark out, cut, and tit small cross pai tition. 

(i. Clean off inner faces; Ht togd-her and glue up. 

7. Carefully mark pasitionj)f screw holes in lK)ttom, l)ore holes, ami screw 
the bottoin'on. 

Note. —The under edges of the work should first be carefidly eWKned o^f. 
• with a smoothing plane and tesieef with a straightedge to ensure |mving all 
the e<lges flat,and in the ‘‘same plane 

8. Cleaif <iff outer surfaces. 

Demonstrations. —NcSie are rcqpirtsl for this exercise. The .teocluV 
should, however, explain in a general way the mcthal of procedure. This can 
best be accomplished by a process of (]\je.stiouing rather than ilirect^" telling ". 
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Lessons: Timber.— Seasoning timber (tt) in the log, (5) when cut into 
jilanks, (c) when sawn into tliin boai'ds, (ti) when framed into articles. 

Tools. —More advanced lessons on the mechanical principles involved in 
the use of various tools. 

Clue—method of manufacture. * 

Calculations. —Simple problems in keeping with the le.sson given on took * 
Determine the amount and cost of material consumed in making the box. 
Determine the volume of each compartment. 


EXERtnSE V 

A PHOTO STAND 

Exercises Involved. —Marking out and sawing from the plank. Planing 
to dimensions. Oeometrical marking out. Shaping with bow saw and sprike- 
shave. Chamfering (cross-grain curves and internal). Relwting with chisel 
and router (with and across grain). 

Instructions. — Dhawjno.— Make a freehand sketch of the model, and 
write in all dimensions. Prepare working drawings as shown. Complete the 
list of tools and material requited. 

Tools Required. —Ruler. Pencil. Panel saw. Jack plane. Try square, 
(iauge. Marking knife. Compass. Tenon saw. Bow saw. Pad .saw. Brace 
and centre bit. Firmer chisels (various). Mallet. Router. Spokeshave. 
Bradawl. Screwdriver (small). Smoothing plane, * • 

Materiel Required. —Oak, ash, mahogany, cedar, black walnut, satin 
walnut, or teak; one piece (for front) !) in. by 7 in. by J in.: one piece (for back) 
6 in. by 3 in. by J in.; one piece (support) 6 in. by 2 in. by } in.; screws, two 
j-in. No. 4; two J-in. No. 4; glasspaper. • 

Benchwork.— Staobs.— 

' 1. Pii|pare material. 

2. Mark nut details of front, not includfhj( the chamfers. , 

3. Cut^nd shape to outline, and mark and cut chamfer at top. 

4. Cut out central opening. 

a. Make rebate on hack. 

0. t'hamfer central 0 |)ening. 

7. Mark out, cut, shape, and attach support t o back piece 

8. Prepare and lix buttons to back. 



£.'1 £‘> 11 ihj {_/!> St ^ t'l "■^- -- 
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Demonstrations. - - 

1. of euttiiijt central opening. ^ , 

Notk.—.S mall ccntiv-liit holes shoiilil be lH)ictl at each corner, to allow the 

hla<le of the pad saw to enter. Caro must bo taken, when fixing the work in , 
the vici’, U> arrange to Inive the “cross grain” supjxjrted; otherwise there is ^ 
considerablo danger of the work splitting. 

2. Mellnjd of forming reliate on Ixick. 

Note. —The nnxlel should lie on a j)erfeetly Hat surface whilst being 
chi.sidled. 

Lessons: Timber. —Methoils of preserving timber—(tt) when submergerl; 
(h) when exposed to variable atmosphere; (c) for indoor purpo.ses. 

Tools. —Further lessons on the tools used in the exercise. 

■More advance<l problems on the mechanical principles involvtsl in the use 
of the grindstone. e 

Calculations. —Determine cost of material u.seil in making the mu<lcl. 

How much glass will Is! reipiirtsl for glazing twenty modelsf 
What will be the cost of the glass for twenty nnslels, glass Ix-ing mL per 
siplare footf 


EXERCISE VI 

A HOOK REST 

Exorcises Involved, —Marking out ami sawing from the plank. Planing 
to dimension. Marking out (freehand curves). Mortising. (.Chamfering. 
DoiiWe-afopped f/rooviiig. Bow sawing and spokeshaving. Boring. Intn-nul 
ijouging. Gluing and wedging. 

Instructions. — Drawing. —Make freehand sketches, and prepare three 
views aSgShown. Complete the list of tools and material. 

Tools Required. —Ruler. Pencil. Panel saw. .lack plane. Trying plane. 
Try S4|uaret Gauge. Marking knife. Mortise gauge. Firmer chisel. Mallet. 
Chist'ls (various). Router. Tenon saw. ' Bow saw. Brace and 1-in. cintre bit. 
Gouge. Hammer. .Smoothing plane. 

‘ Materiel Required. —Oak, black walnut, satin walnut, ot .sycamore. One 
piece (liase) 19 in. by 6J in. by J in.; one piece (ends) 12 in by oj in. by | in.; 
glasspaper; glue. 
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PRACTICAL WORK 


Benohwork.— Stacies.— 

1. Prepare material. 

2. Mark out, cut, and shape base. 

3. Mark out, cut, and shape ends. 

4. Clean off, fit, and wedge together. 

Demonstrations.— 

1. Method of marking out mortises. 

Note. —It is advisable that these be worked from a central line; also, when 
marking out the pins on the ends, if the centre line be adopted, the pins and 
mortises will coincide. 

• 

2. Method of working double-stopped grooves. Being short, the sides will 
have to be chiselled, and the waste removed by means of the i-outer. 

Lessons: Timber. —PrincipUcs of shrinkage, anci influence of medullary 
rays. « 

Tools. —Advanced lessons on the tools used in making the exercise. Manu¬ 
facture of iron and steel. 

Csioulations.- 

1. Find the area of the base. 

2. Find the volume of the base, including mortises, chamfers, and grcMves. 

3. Calculate the weight of the model, having given the specific gravity of 
the particular woocj used. 

Wood. • Gravity. « 

Note.— Oak ... . -75 

Walnut ... ... ... ... -fiO 

Sycamore . ’.59 

A cubic f<x}t of water weighs approximately 62'5i lb. 

F.XERCISE Vil 
A CANDLE BOX 

* * % * * 

> CxarclSSS InyolTOtL —Marking out and sawing from the plank. , Flanmg 

to dimensions. Setting out of curves and dovetaila Spokeshave ’afid gouge, 
woVk. Bufing. Chamfering. Screwing., Hinging.' 

' Instruotions.—D rawino.—H ake a freehande sketch of th#^odel and 

.proceed to complete the views shown. , 
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This ni<xlcl.atfor(ls a good example t(ir an atlvanced exercise in isometric 
projection. • 

*C<jinpleto the list of tools and material. 

'Toots Required. —Ruler. Pencil. Half-ripsaw. Panel saw. Jack plane. 
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Trying j^ane. Try H<iuare. Oauge. Marking knife. Bevel. Te{on sew. 
Bow*i&W. Spokeshave. Scribing gouge. Brace and J-in. oentre bit. Fil-nler 
chisels (V-itrioHN). Bradawls. CJountersink. Hammer. Mallet. File. Smcptli- 
uig plane. • • * » 

Mate^V Required- —Any hanl wood (pine or, poplar may U* ustnl if 
desired), tine piece (front and ends) 26 in. by in. by J ,in.; one piopu 
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(back) 14 in. by 7 in. by j in.; one piece (bottom and lid) 28 in. by 5i in.' 
by 5 in.; »erewn, eijrbt 1-in. No. 8; brass butts, one pair l-in! with screws; 
glasspaper; glue. ^ . * 

Bench work. —.Stag es. — 

1. Prepare all material. 

2. Mark out and dovetail together sides and end.s. 

3. Mark out, cut. and Hnish top curves and boles in back. 

4. Prepare bottom. Clean off sides of box and attach l)ottom. 

5. Prepare lid. Hinge lid to hanging stile, and fix in pasition. 

Demonstration. —Method of hinging lid to banging stile. 

Note. —The lid and lianging stile should be kept in one piece until the' 
ends have been plane<l and chamfers worked. The piece should l)e about 
1 in. in excess of the width of the lid plus the width of the hanging stile. 
When the ends and chamfers have been completed the width of the hanging 
stile should be gauged from the back edge and the width of the lid from the 
front edge. The parts can now be separated by sawing lietween the gauge 
marks. The idges are next pinned dow’n to the gauge marks and fitted 
together. 

Method of attaching: Hlngres. 

1. Set two gauges, one to the width of the flange of the hinge and 
another to the thickness of the flange as indirate<l in sketch (Hg. 297). 



2. Mark position of the hinges on piece A. flat’ge the width ahd thickneas 
.of the flanges;^ remove waste and fix flanges of hinges in recesses (fig. 298> 
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* 3. Tilt! hinges are opened and piece A is )>lnced a^^aiiiNt piwe H ho that 
_ the knuckles wf ttie hinges rest upon B. The opening at E is arranged so 

as to give the desir<>d ainount 
of ’joint, i.e. a piece of tliin 
drawing paper placed between 
• the pieces will give the desired 
nniount. A, line is then scribed 
along the siile of the knuckles 
as C to D, which deteriiiincj) 
the depth to which the flanges 

should l)e let in (fig. 29!)). 

• 

Lessons: Timber.— Chem¬ 
ical structure of woo<l, illus¬ 
trated by simple e-xperiments. 

Tools. —Compare the cut¬ 
ting ac'tion of the various forms 
of cutting tools and median- rin. aw 

ical principles involved.* 

Continue lesson on manufacture of iron and steel. 

Calculations. —Work problems applying to iiuslel as in former examples. 
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EXEBC1.se VIII 

* ’ .fN INKSTAND 

Exercises Involved. —Marking out and sawing from the. plank. Planing 
to dimensions. Marking out. MmtMing in the direction of the grain and 
arroM the grain of the' iriHid. Donf>le-iitupf>€d jlating. Boring with ex- 
[Htneion tdt. Mitre, cutting. .Screwing. 

Instructions. — Dkawinu.— From freehand sketches of the nijslol prapare 
a plan, side elevation, and seejifth, os shown. 

Complete the. lists of tisils and material reipiired. * ■ 

‘ Tbelj Required.—Bnler. Pencil. Half-ripsaw. Panel saw. Jack platje. 
Trying •p/JanA Try si|uaie. (iaiige. Marking knife, (.lompoas. Firmer 
‘gouge. Brpee, and expaneion hit. Tenon saw. Small pin bit aipii coaerter- 
sink. .Smoothing plane. ^Smn/l 'hnUowH nnd. rounde if three he need Ar» 
vorking the mouldinge.) 
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Material Bequirad.—Black walnut la veiy suitable for this model—other 
. woods may btf used at discretion of teacher. One piece (top) H in. by 9J in. 
by *lj Ji}.; one piece (base) iS in. by 2J in. by 1 in.; screws, ten J-in. No. 6; 
glosspaper. 

Benchwork.— Btaoes.— 

• 

1. Prepare material. 

2. Mark off length of top, set out holes and flute. 

3. Gouge out the flute and bore the holca 

4. Cut off waste at ends of top, sawing very close to the line but leaving 
a very small margin for cleaning off the end grain. 

• .5. With pencil gauge, mark on lines for hollow along edges and ends. 

Chamfer down to the lines. Use a firmer gouge and gradually work the 
hollows, being careful to first complete the hollows across the end grain. 

Note. —It aflbrds an excellent exercise in the manipulation of the gouge 
to* complete the hollows with the aid of the gouge alone. There can, however, 
be no objection to the usii of a “ round” for this jnirposi*, provided it is avail¬ 
able. The manipulation of the “round” is in itself a valuable exercise. 

6. Clean off "end grain" at einls, using a metal smoothing plane or block 
plane (if available), taking care to work from the ends towai-d the centre 
in order to avoid splitting, 

7. Mould the edges of piece for liase. This can Vie done by using a 
" hollow” or may be finished by using smoothing plane and glassjiaper only. 

«. tint and fit " mitres” on liasc strip. 

floxE._The miti-es may bo cut in a mitre box or by the aid of a bevel 

set to 48°. The shooting of the joints will be done on a mitre shooting 
boanl. 

9. Fix base pieces in jxisition. 

Demonstrations. - 

1. Method of working hollows, 

2. Metho<fof mitring base striiw and fixing in position. 

L^Spns: Timber.— Closer comparison between the various kinds of waods, 
and coufttHes from whence obtained. 

T001s.-»-Ho1Iow 8 aftd round.s, pod principles of constructiona«.pplle*t.^to 
moulding fflanes in genertJ. ' 

' Brief outline of the process of ij-'ducing copjwr from the ore.^ 
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EXERCISE IX 
A PASTE BOAIU) 

• . 

Exercises Involved.— Marking out ami sawing from tile plank. I'lnning 
tu Himeiuiion (lurye nurfncrx). SlwuUler ciitthig (lotiy). Mortising. Plough- 
tug. Bow sawing. Spoke.Khaving. Boring. Cleaning off. 

Instructions. — Dkawino. — Prepare plan, elevations, and sections. An 
isometric projection of one corner of the model would prove very serviceable. 

Complete the list of tools and material required. 

Tools Required. —Ruler. Pencil. Half-rip saw. Panel saw. Jack plana 
Tiying plane. Try scpiare. fiauge. Marking knife. Mortise gauge. Mortise 
chisel. Tenon saw. Plough. Bow saw. Firmer chisel, ^.Sjsikeshave. Brace 
and centre bit. Hammer. Mallet. Cramp. .Smoothing plane. 

Material Required.— American white pine, thie piece 16 in. by 12i tn 
by 1 in.; one piece 25 in, by 2^ in. by 1 in.; glue. 

Benohwork.—S t AO es, — 

1. Prepare material. 

2. .Set out .shoulder and tenons. 

3. .Set out and make mortises in clamps. 

4. Plough clamps. 

5. Cut tenons anil shoiddera 

6. Fit and glue together. 

7. Clean off surfaces and cut off waste at ends of clamps. Round corners 

Bore holft * 

8. Clean off ends and edge.s. 

Demonstrations. 

1. Method of setting out. 

2. Method of holding and using the plough. 

3. Method of cutting tenons and long shoulders. 

4. (iluing, cramping, and iiinning. * *• ' 

Lessons: Timber. —Varioiw pnslucts ohtained from the timber trees of 

commerce, and uses to wbich applied. - » 

Tool’s. ■—Tbv plough. Name of parts and use of each. • 

Metala-^Continue lesson on copper and l•eduction from the ore. 

Several methods may be applieil to the treatment of the clampA'ior t'hls 
particular model, and the tfticher should use discretion eoncerning the par- ’ 

<C.M«) I 2* , 
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ticiilur in<'tli<j<l adoptcil ior uiiy dtiKM. V'arioiia methods 
ini^ht l)e adopted in the .same class, particular scholars 
Is'ing a.sMign(sl curtain methiKls in keeping with their 

The methu<ls are here briefly defined and 

illustraUd, but for the purpose of the H|)ecial dcscrip- 
tion above it was assumed that the stopped mortise 
and tenon would lx; arlopted. 

(a) Dowellinu. —This consists of boringdioles and 
inserting hard-wood <iowuls (pins). Care must be 
taken to ensure that the holes are eoneentric (fig. 
:fU2). 

(b) (iR(H>VE AND TuNQjL'E.—This consists of form- 
ing a tongue on the piece to bo clamped, and making 
a plough groove along the edge of the clamp (hg. 303). 

(c) (JROOVEU AND I'ONOUEU.—The end grain of 
the piece to Ixi clamped is grooved, also the edge of 
the clamp. Into these grooves a luird-^wood cross- 
grained tong\ie is inserted (fig. 304). 

(d) tJRfxjvE, Tongue, and Tenons. — As de¬ 
scribed* for the exercise, but the tenens are allowed to go through the 
clamp and are wedged on outer edge (fig. 306;. 
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(e) Mitre Clomped.—Ah dcHcribed in «, 5, e, d. only instpud of the end 
gram of the cla»np showing on the side of the work the corners are mitred 
as in'hg. 305. 


exehci.se X 

A KNIFE BOX 

Exercises Involved.-- -Marking out and sawing from the plank. Plan 
ing to dimensions. Dovetailing. Bow sawing and spokeshaving. Boring 
Chamfering. Nailing and screwing. Lining vnlh “green baize". 

.» Instructions. — Drawino. —Pre|)are plan, side elevation, and section from 
the isometric view shown. 

Benchwork_ Staises.— 

Prepare niaterial. 

B. Dovetail sides and ends together, also prepare grooves for centre 
partition. 

3. Mark out, cut, and fit central partition. 

4. Prepare ba.se. 

5. Lino all inner surfaces with green baize. Glue and fit together sides 
and centre partition. 

t>. (3enn off outer surfivees of box and fix bottom in [xisition. 

Demonstration. —Method of covering surfaces with baize. 

Lessons: Timber.— The geographical distribution of forest areas and 
influence of climatic conditions. 

Tools. —Methods of manufacture. 

Process of hardening and tempering cutting toola 

Metals. —Zinc and its raduction from the ora 
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EXERCISE XI 

A KOl.I.lN'd l‘l\ 

» 

* . Exercises Involved. —Marking out nml Mawing froin the plaiik. (Thick 
material.) P^aiiini; to dimensions. Planiiifi to ewrmi furm. Platiinij ciirrnl 
r)Mmfers. MotleUintj snrfiux hunhiy donbh. cnnuture. 

Instructions. —Dbawinu.— Preimre the views shown, together with the 
centre sections and einl elevations, showing the stages through which the work- 
passes. 

* Complete the list of tools and material. 

Tools Required. —Ruler. Pencil. Half-rip saw. Jack plane. Try square. 
Cauge. Marking knife. Tenon saw. t.'omiiass. Smoothing |)lane. Firmer 
chisel. .Spokeshave (iron). File. 

Material Required. — Om- piece of American pine, hireh, or sycamore 
14 in. by 2 in. by 2 in.; gliucspaijer. 

Benchwork.—S taues. - 

1. Prepare rectangular prism. 

2. -Mark centre lines on ends. Shai)e to rectangular section, working from 
centre lines and comparing with curve in drawing. 

3. Shape to octagonal section. 

4. Shape to circular section. 

ft. Fiiaish with spokeshave, file, ami glassj>aiJ<‘r. 

Note,—T est with eye, hand, and rlrawing. 

Demonstration.— .Mctlnsl of pr<«lucing curved form in ewli stage. 

Lessons: Timber.— Clmractcristic fi-atmes of various trees. Bark, foliage, 
flowers, fruit. 

Xools. _Continue h'sson on methods of manufacture. 

Metals. _Couiinue lesson on rjnc. and reduction from tlie ore. 
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EXERCISE XII 

A HANDKERCHIEF AND COLLAR RO\ 

Exercises Involved. —Mai-kinj; out and sawing from the plank. Plan- 
ing to dimensions. JoiDtini/ irith rroHn-fjmin (jrtMJve-and-tomine joint. 
Hinging. 

Instructions. —Dkawino.—P rc'pare the tliree views shown. 

Complete the list of tools and material i-e((nirod. 

^ Tools Required.— Rider. Peneil. Panel saw. Jack plane. Trying plane. 
Try square. Gauge. Marking knife. Tenon saw. Firmer chisels (various). 
Mallet. Bradawl. Smoothing plane. 

Materlsl Required.— Oak, ash, black Avalnut, mahogany, or cedar. One 
pieije (sides, ends, partition) .52 in. by 3J by J in.: one piece (bottom and lid) 
•Tl In, by 7J in. by 1 in.; one pair 1-in. brass butts and screws; screws, ten 
j-in. No. 4 (brass). 

Benohwork.—8TAOE.S.— 

1. Prepare all material. 

2. Set out sides, ends, and centre grooves. Cut and form joints. 

•T. Clean off inside surfaces and carefully glue and cramp the parts to¬ 
gether. 

4. Clean off outer surfaces. 

5. Prtpare and fix bottom in position. 

6. Prepare and hinge lid to box 

Demonstrations.— 

1. Method of forming joints. 

2. Methoil of gluing up and squaring the box. 

.T. Method of blocking the interior whilst cleaning off outer surfaces. 

4. Hinging lid. 

Lessons: Timber. —Diseakbs and their causes. 

■Totlls.-t-Proce.ss of manufacture eontinued. 

Motaft.!——Composition and manufacture. 

Note. —This mo<lel lends itself to further treatment. The surfaces cevld 
be carved oi* inlaid. ’ •- 
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EpRC|SE XIII 

A STATRiNERY C'AlilNET 

ExeroisSs Involved. —Marking out and sawing fi'oin tho plank. Planing 
to (liinpiiaions. Bow sawing and sixikeshaving. Dori‘titiling {hiiuiU aihiitet 
ildvi'iuih). Shaping and fitting. 

Instructions. — IIrawino.—F rom tlip isometric sketch prepai'C a plan, 
Qront elevation, and side elevation. 

(’omplete the li.st of tools ami material. 

Tools Required. —Ruler. Pencil. Panel .saw. .lack plane. 'Prying plane. 
'Pry wjuare. Gouge. Marking knife. Bevel. ('om|)ass. Tenon saw. Bow 
.sa^'. Sjx)keshave. Firmer chisels. Mallet. Hammer. .Smoothing plane. 
Biwlawl. Screwdriver (.sinall). Brace and §-in. centre hit. 

Material Required. —Hard wmsl Oi- isslar, a« selected. One piece (liack and 
IxUtom) 1.5 in. by 71 in. by 1 in.; one pieee (ends) 12 in. by (ij in. by 1 in.; 
one piece (front) 7 in. by in. by 1 in.; one piece (])artition) ti in. by 41 in. 
by 1 in.; brass screws, si.x J-iTi. No. 4; glue; gloaspaper. 

Benchwork.—S taok.s.— 

1. Prepare all material. 

2. ' iVvetail outer framing. 

.'1. Cut and finish curves on liack, ends, and front 

4. (Alt and fit centre partition. 

5. Shape and fix Ixittom. 

Demonstration. —Node required. 

Lessons: Timber. —llefectaand diseases. 

Tools.— Process of manufacture continued. 

Metals. —If/Viss.—General reoapitulatioa 

• » 
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EXERCISE XIV 

A ilEDIL'INE CABINET 

t 

Exercises Involved. —Markinv out ami sawing from the plank. Planing 
todinienaionH. Advancal exercises in marking out work of varying descrip¬ 
tion. Advltnceil bow sawing and spokeshaving. Stoppfsl giooving. Fi-am- 
iiig (Hid '[mnellivg iin a/ijdied to making of door. Lapped doretailrng and 
common dovetailing ns apjdied to making diiiwer. Fluting. Hinging and 
general fitting together of parts. 

I Instructions.—D kawino. —Preiiare a front elevation and section as shown. 
Prepare working details of the drawer and various other i>arts as required. 
Complete list of tools and material. 

Tools Required. —Ruler. Pencil. Half-rip saw. Panel saw. Jack plane. 
Trying plane. Try squan*. Gauge. Marking knife. Tenon saw. Chisels 
(various). Bow saw. .Sjaikeshave. Side tillister. Brace anil centre bits. 
Compass. Mallet. Hammer. Mortise gauge. Mortise chisel. Plough. 
Router. Broilawl. .Screwdriver. Gouge (small). Smoothing plane. 

Material Required.—Pine, poplar, selected hard wikkI, or combination of 
alwve. 

For /tody.—Sides, two pieces 20 in. by 7 in. by t in.; top Imck piece, one 
piece 16 in. by 12 in. by J in.; shelves, four pieces 15 in. by dj in. by § in. 

A/eran at Bottom .—One piece, 16 in. by 21 by | in. 

Lo\«er Pmiion of Back.—One. piece 16 in. by 15 in. by I in. or i in. 

For Z)<w.—Stiles, two pieces 15 in. by 1J in. by 1 in.; top rail, one piece 

II in. by 1} in. by 1 in.; bottom rail, one piece 11 in. by 2J in. by 1 in.; panel, 
one piece 10 in. by 9 in. by J in.; side pieces, two pieces 18 in. by 1} in. by 
1 in.; one pair IJ-in. brass butts; one small door handle; one Hinall drawer 
handle; nails: screws; glue. 

Benchwork.— Stages.— 

1. Prepare material for bqdj?. 

2. Gbje side pieces together with piece of pajier between them,^in order 
that fcoth inqy be worked together. 

3. Set'but curves, grooves, &c., on side pieces. 

4. CutAstopped gnloves for shelves. Cut and shape all c«irv|i^ IHiate , 

back edges.’ ? * 

’ b. Prepare and fit shelvea 


ffCOTSS 




rtf sii 
























































t-UUKSE III 


340 




> • 

• (i. Prepai'i! top bmek piece. 

7. Clean olj'MI inner facea; glue uj), clamp, and nail together the sides and ’ 
'’shelves. 

0. Fit and Kx Iwek piece at top. 

^ 0. Fill in lower portion of laiek. 

K). Cut, shape, clean off, and fix apron at iKittom of front. Clue block 
under side of bottom shelf and Iwck of apron. 

11. Pre'Pare and fix side pieces (hanging and meeting stile) of d<H>r. 

12. Prepare all material for door. 

13. Set out stiles and rails. Make mortises. Cut tenons. Plough stiles 
and rails. Cut shoulders. Cut hauneliion.s. Fit together. Prepare and fit 
panel, (line and cramp up. laiy to one .side to dry. 

14. Prepari^ material for drawer. 

15. Set out front, sides, and back, at)d dovetail together. Plough front for 
iKittom. Pre|)are side fillets for Ixitlom. (,'ut and fit bottoTn. Glue up and 
nij^il lx)ttom. laiy to one side to dry. 

16. Clean off. Fit ami hang door. 

17. Clean off and fit drawer. 

13. Attach fittings. Clean oft'outer surfaces. 

Demonstrations. 

1. Methfal of fitting juinel. 

2. Dovetailing of drawer. 

3. Fitting fillets 6) ilrawer. 

LesSons.— Ucneraf recapitulation. 



INDEX 


AfricH, Winiato, ioH, rivei’s, 
forest area, and ti’ees, 119. 
Alaska, 114. 

Aniei'lca. C’eutml, ILV 
America, North, |>i-ind|Ml 
trees, and forest areas, 110 
America, 86uth, 116. 
Andaman Isles, U9. 

Ang{^ dihedral, tiS. 

Angles, obtaining vanotis,31. 
Asia, forest areas, 117. 
Auger, 85. 

Bark, 58. . 

Bast fibres, 56, 

’Bench holdfast, 2S8. 

Bench itiphi, 0 . 

Bench aerevs, 18, 98, 101. 
Benches, work, lOi 
Bessemer converter, 187. 
Hits, 817, 834, 835,836. 
‘Blackboard, 17. 

Blast furnace, 123., 

Book rest, 388. 

Bookshelf, 884. 

Bow-saw, 103, 164, 171. 

Bgx, latidle, 

Box,' common, dovetailed 
joint, 331. • 

handftonhief, 343. 
f)<iV,\iiir«, .m * 

Box. nail, .384. 

Buff, lar,^263. 

<Box, soap, 267. 


Box, toilet, 870. I 

Btuce, 85, 817-80. , 

Brace vice, 86. 

Bracket, corner, 304. 

Hi-acket, wall, 279. 

Biudawl, 84, 214. 

Brans, 189. 

Brazil, foiesU of, 116. 

Bread boards, .300. 

Cambium lajer, 55. 
i^inplior, 71. 

Clsnada—climate, liveiit, soil, 
rainfall, IKX 
Canada Balsam, 70. 

C^ai' boom, 180. 

Gentral-rack system, II. 
Ontiw bite, 836. 
t'hainferiiig, 101, 2m, 247. 
t^iarooal, uses of, 60. 
Chiselling processes, 80I-14,' 
243. 

Chisels (various) and parts, 
90, 93,106-200. I 

(Thuck of brace, 219. 

Class management and dis¬ 
cipline, 20. 

i/lasaroum and genciftt ar¬ 
rangements, frontispiece. 
ChvMsroonis and cffuipnmnts, 
8 . 

Cleavage of timber, 64. 
('ompass saw, 16.5, J71. 
Compasses, 28, 31. • ^ 

8A0 


Compression of timber, 104. 
Copper extraction, 130. 

Cork lubbei'H, 226. 
(Vtuntei-sinka, 23.*». 

(.'lumping ends, method?} of, 
.3.36. 

Cramps, 287. 

CuplKtai-ds, 13. 

('urved chamfering, 206. ‘ 
Curved surfaces, 49. 

iXior handle, 83, 

Dovetail joints, 315. 

Dovetail saws, 164. 

Drawing, 86-34. 

Diuwing boards, 88.32 
Drawing-class roeftn, 13. 
Drawing desk, 15.* 

DiHwing tools, 37. c 

Kgg stand, 260, 

Els (red, white, rook), 120 
Essen Hout, 120. 

Enr4»pe (niapX clinia^, lain- 
fall, rivers, coast - line, 
towns engaged in timber 
trade, foi-est areas, 107-9. 
Expansion 1^(,,234. 

Keii'ule <»f a cliisl*, 10*^. 

Kiles, 228. 

Fir trees, 70. 

Flnner eliisel, 1.^ 200, 20l.' 
Fluting, 213. 
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Foot utool, 307. 

Force, centrifiiKaL^. 

^'oinie and work, /S. 

KoroAt, ||irallelogmin of, 77. 
Foic^h, reaohitioii of, 78. 
Fotxtner auger bit, ^34. 
friction, 99. 

(rauges, uetali^mai king, 148. 
(taugea, netting Hingle, 
Oaiiges and gauging, 147-50, 
244, 254. 

(ranging, edge, 152. 
longing, tnirface, 154. 

(reel Hout(,veIIow wo«xl),121. 
(tcografdiy of niaiuial train¬ 
ing, 105. 

(reruiination, 52. 

85,216, 217. 
Olaas-papering, 102. 

(ilne, 132-4. 

(Ireenheart, llO. 

(irindatone, 87, 88, 231. 
Grooving, 202, 203, 208. 
(Iruundlino and axes, 45. 

Halfdapped joint, 274. 
Haniiuer, 98, 221->6. 
Hand«aw^6l. 

Hat mil,%19. 

Heartwood, 55. 

Hiiigee, 331. 

Holdfaals, 22R. 

Inclined plane, 01-4, PX). 
India (map of), 118. 

Inertia, 07. 

InkHUnd, 292, 333. 

^Jnlaid lanmAAnflk 207. 

Irjn, 

lronwdM^>la« k and wliiteX 

120. •% * 

I^mctric 80^^ 42. ^ 

Jack pfane, 07, 174, 184. 


• 

Key, a, 84. 

Keyboard, a, 251. 

Key labels, 240. 

Liui)}Mtand, inlaid, 207. 

I Alice wood, 116, 12(t 
LeHSoiiH, distribution of, 23. 
letter rack, a, 285, 
lAtterwood, 116. 

IsveiTs 81-01. 
bines, projection of, 38. 
bines, types of, 34. 

Is'gM’ood, 116. 
bninlieriug, 112. 

Malutgany, 115. 

Mallet^ 221, 224-6. 

Manual tiainiiig, 5. 

Majrs. Afri(», 120; Australia, 
120; Kurope, 107; India, 
118; Nordt America, 111; 
South America, 120. 

I .Marking out, 243. 
Mcasuirniejit, systems of, 
73. 

Mccliapit^l devices, 8b 
Medicine ^labinet, 347. 
Medulla and medullary rays, 

r>H. * 

Melk Hoiit (iiiilkwoodX 121. 
Metals used in connection 
with manual ti-aining, 122. 
Metric system, 73. 

Mirror frame, a, 300. 

Models, analysis of, 35. 
Momentum, 07. 
Mortise-and-tenon joint, 282. 
Mortij^ chisel, 80, 210, 211. 

gauge, 140 51,1.55 6. 
Moitisiug and inortisos, 208. 

Nail, driving a, 224. 

Nail, extracting a, 234. 

Nails veratfs screws, 104. 
4Kotc1iing, 207. 


(4ak tree, 52. 

(K’canU, 121. 

(K-tagon, setting out, on end 
of piece, 262. 

Oilstones, 228. 

Oliven Hoiitfwild olive), 121. 

Fad H«w, 166. 

Padotik, 110. 

I5ine} saw, 162. 

Paring, horixunta), 2(K>, 201, 
2a3. 

Paring conlined curves, 20K. 
Paring curved surfaces, 207. 
Paring large flat surfaces, 212. 
Paring obliquely, 206. 

Paste board, 336. 

Pencils, 28. 

Photo stand, 326. 

Picture frame, Oxfoid, 302. 
Piiiceiw, 00, 233. 

Pine trees, 70. 

IMth, 5a 

Plane u*unH, 170, 178, 180. 
Planes and planing, 07,173« 
0.5, 246. 

Plough jilaiie, 103, 104. 
Prisms and cylinder, 47. 
Projection, isometric, 41-51. 
Projection, oHhogtuphic, 34- 
41, 44, 46. 

Punches, 220. 

Aadial cutting of timber, 64. 
Katchiit of brace, 210. 

Keliate pianos, 170, 10b 
Ucl>atiiig, use of plough 
groove, 102-# | ^ 

llel At i ng w'i thThiiiel, 102,21.1. 
Itebatiiig witK flllet, 102. 
Keliatitig with iillisi^r, 
103. • • • 

Relsiting with side flllistcr, 
103. , •*- 

^Resins, 70. 
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lleveibfiatoi y fnrnure, 123. 
nip Hftw, 101, 173. 

Roltiiig pin; 341. 

{{(me wihkI, by pi‘<Klucl, 71. 

IbMiU‘1' pUlteK, IHU. 

Hiller, I'unnd, 2M. 

HnleiK, 27, 20, 220. 

Sap, 54. 

Sapwood, 55. 

Sash OlUater, 193. 

Saw U'eth, 157-9, Iftl, 162, 
172. 

Sawing, 102, 166-71, 243. 

Saws, 156-06. 

Sa WH, Melting and ahai'iwniiig, 
171. 

Si'ience in Manual Tiaining. 
71. 

Sei'ewdnvere, 230. 
rew<s 03, 04, 101, 102, 104, 
ia5 9. 

Sc'rewM turtus naiU, 101. 
Sri-ihing, 211. 

SoatMUiiiig ol tiinWr, 710-62. 

Set 27, 30-1. 

Shearing cute, 202. 

Shell gimlet, 217. ' 

Sh«K>ting boaitla, 189. 

ShiMitfng ptanea, 170. 

Show caHea^ 13. 

J>hriiikag«oftUBber,60,62-5. \ 


f 

Side fillis^’i'lOd. ' 
SiiTgle-UMith marking gauge, 
147. 

SiiKHtthing plane, 170, 100, 

101 . 

Sneeasewood, 121 4 

Specifio gravity, 76. 
Spokeehavea, 181, 195. 
Squaring ftuinea, 290. 
Stationery cabinet, 345. 

Steel, 1^-8. 

Stinkwood, 121. 

Stopped chamfering, 200. 
Stopjied cutting, 207. 

Stopiied gr<x5ving, 208. 

St<»re I'oom, 17. 

String winder, a, 276. 

Swim gimlet, 217« 

T'Hquarea, 28, 33. 

Teacher’s Room, 17. 

Tenon Saw, 162, 168, 318. 
Tension, 103. 

llinmb gauges, 151-2, 156, 
2.54. 

Timber, cleavage in, 64. 
Timber, cutting 61. 
Timber, acawniing, 50-62. 
Timber, Mhrinkage 60, 
62-5. 

Timber. tpUtling of, 63. 
Tinilier, tranaporting of, 121.* 


Tobin's tub^ 10. 

'j^'uol equipment,, 18.* . 

Tooil racka,*^ 10, 12. 

Tools, boring, 2)4. / 

Tools, lessons 00,^3. 

Towel roller, 287. 

Ti-et, transverse section of a 
57. *'. . 

Trees, by-pi'od*;‘»tt», 70. 

Trees, distribution of, 105- 
22; growth of, 51. )See 
also Timbefy ffoot/1 
Trefoil, .50. 

Try Mfpiareis 143-7. 

Trying planes, 178, 185, * 
Tnrnserew, 235. , 

Twist gimlet, 217. 

United States, forest aieas 
and trees, 113. 

Vices, 12, 94. 

Wedgis, 92. 

Weight, 74. 

Wood, by-products of, 89. 
Wood, structure of, 66^.154. ^ 
Wisnlen spoon, a, 312. 

Work and foire. 75. 

o 

^ebra wood, 116. 

Zinc, 13i. 
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